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It would be difficult to overstate the 
importance of Joseph Needham’s Science 
and Civilisation in China series. For nearly 
fifty years, Needham and his collabo- 
rators have revealed the ideals, concepts 
and achievements of China’s scientific 
and technological traditions from the 
earliest times to about 1800 through this 
great enterprise. During his long working 
lifetime, which extended up to his death 
at the age of 94, Needham kept in draft 
various essays, some written with 
collaborators, in which he set out his 
broad views on the Chinese social and 
historical context which formed the 
background to the topics on which he 
had written so copiously. These essays, 
edited by one of his closest collaborators, 
Kenneth Robinson, are contained in the 
present volume. 

A reading of this material makes it 
possible to reconstruct the assumptions 
and problematics that underpinned and 
drove the Needham project throughout 
the nearly one half-century during which 
he was at the helm. Needham was always 
original and often provocative, and the 
interest of his viewpoint remains even 
when the context of the original 
controversy may have been modified with 
the passing of the years. The documents 
gathered here reveal the intellectual 
foundations of one of the greatest 
scholarly enterprises of the twentieth 
century. 





KENNETH GIRDWOOD ROBINSON (b. 
1917) read Greats at Oxford, returning 
after the war — during which he learnt 
Japanese for the interrogation of POWs — 
with a scholarship from the Chinese 
government. He wrote his B.Litt. thesis 
on ‘Acoustics in China’, which later 
became the basis for the article on that 
subject in Science and Civilisation in China 
volume IV.1, Physics (1962). In 1952 he 
went to Singapore in the Overseas 
Education Service and thereafter to 
Sarawak which he left in 1962 as Director 
of Education, upon being appointed by 
UNESCO to serve the Cameroon 
government as Educational Advisor. He 
transferred to the UNESCO Institute in 
Hamburg in 1975, leaving in 1979 to join 
Joseph Needham in Cambridge to help 
him complete the unpublished volumes 
of Science and Civilisation in China. He 
worked closely with Needham until his 
death in 1995, and wrote several of the 
pieces included in the present volume. 
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SOME REVIEWS OF VOLUMES I, II, III, IV AND V 


‘This is the exciting first instalment of a comprehensive 
work... The author has set himself to interpret the Chinese 
mind in Western terms, and he is perhaps unique among living 
scholars in possessing the necessary combinations of 
qualifications for this formidable undertaking. The practical 
importance of Dr Needham’s work is as great as its intellectual 
interest. It is a Western act of “recognition” on a higher plane 
than the diplomatic one.’ 

ARNOLD TOYNBEE in The Observer (London) 


‘The width of his view, the range of his reading, and the 
penetration of his mind compel the utmost respect for his 
treatment and his conclusions. It is a book which is bound to 
modify all subsequent histories of Chinese thought and indeed 
the histories of thought the world around.’ 
L. CARRINGTON GOODRICH in 
Far Eastern Survey (New York) 


“The undertaking of such a gigantic task single-handed reveals 
a creative spirit worthy of all admiration. Its completion will 
make it an unprecedented and epoch-making work in the 
history of science, and it has already aroused the interest of 
scholars in every country, who regard it as a masterpiece 
of modern scientific study. It cannot fail to direct the attention 
of the learned world to ancient Chinese culture and science.’ 
YU Fanc-Hu in Kuang Ming Jih-Pao (Peking) 


‘For this immense and astonishing work of erudition no praise 
can be too high; the author has an impressive knowledge of 
Chinese culture to add to his eminence in the field of natural 
science; and so we have a volume authoritative, fascinating and 
illuminating, sure in the unravelling of the complexities of the 
evidence, and with a shrewd appraisal, on appropriate 
occasions, of contemporary Eastern and Western progress in 
the sciences.’ W. M. SMART in Nature (London) 


‘Ici la science et la technologie font une entrée spectaculaire 
dans la sinologie...L’ouvrage dont nous rendons compte ici 
Marque une époque...Un ouvrage que tout homme cultivé doit 
connaitre. P. HuaRD and K. M. HuaANG in 

Revue d’Histotre des Sciences (Paris) 


“A boon in its sweeping yet significantly detailed treatment of 
scienafic thought in China...a supreme achievement of 
European scholarship.’ 

K. P. PILLAI in Journal of Indian History (Calcutta) 


Dr Needham’s work shows...a deep respect for the Chinese 
people, their creative genius and their great contributions to 


world civilisation...In almost every paragraph there is new 

material of interest not only for specialists in the history of 
science but also to a wide circle of readers.’ 

L. S. VASILIEV and A. P. YUSHKEVITCH in 

Historiografia, Kritika, Bibliografia (Moscow) 


‘We should not ask, Will it stand the test of time? or, Is it 
accurate? because these questions are quite unimportant 
compared with the fact that Dr Needham has opened up a 
whole new world of inquiry to us which will keep historians of 
science busy for generations to come. The important fact 
about this work is not whether its conjectures are correct or its 
details precise: the important fact is that it is very exciting.’ 
Times Literary Supplement 


‘Time only enhances our amazement at Needham’s ability to 
discover in the ocean of datable Chinese literature so many 
anticipations of present-day scientific knowledge. Even his 
tentative speculations are as arresting as his conclusions.’ 

A.W. HUMMEL in American Historical Review 


‘Joseph Needham, working outside intellectual fashion in a vast 
and patchily explored field, has produced one of the great- 
est and most captivating works of scholarship to grace our age.’ 

Times Educational Supplement 


*...one of the great European conwibutions to the under- 
standing both of the sweep of Chinese civilisation and of its 
contributions to Western scientific society.’ 

New Scientist (London) 


‘abundant evidence of tremendous research and learning 
spread over a breath-taking range of knowledge coupled with 
personal observation and experience gathered through long 
years living and travelling in the East.’ 

Bulletin of the Institute of Archaeology (London) 


‘Here is material for the artist, the political historian, the 
psychologist, the ethnographer, as well as for the historian of 
science. And there is pleasure for all who admire the comeli- 
ness of the English language... The reader who approaches this 
work with stiff caution will find his study eased and his mind 
flexed by Needham’s constant delight in life? 

Times Higher Education Supplement 


‘Perhaps the greatest single act of historical synthesis and 
intercultural communication ever attempted by one man.’ 
LAURENCE PICKEN in The Guardian (Manchester) 
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SERIES EDITOR Ss PREPAC E 


This is the concluding part of the final volume in the formal sequence of Science 
and Civilisation in China, although it is by no means the last book in the series to be 
published. But since it will stand in the last place on the shelves of many libraries, 
something by way of a provisional concluding word is called for. 

By now readers of this series will be well aware of the distinction between what 
Joseph Needham used to call the ‘seven heavenly volumes’ amongst which the topic 
areas of the series are distributed, and the much larger number of physical ‘earthly 
volumes’ published as separate parts. Behind that lies the original conception of 
a work to be published in a single volume, which was the proposal first agreed 
between its author and Cambridge University Press over half a century ago. When 
that proved inadequate, a seven-volume plan was adopted, and it was on that basis 
that the moderately sized Volume 1 appeared in 1954. But when the immense bulk of 
Volume 3 had passed through the press, it became clear that further subdivision was a 
practical necessity, and so Volume 4 appearcd in three parts, each one beingphysically 
and intellectually weighty cnough to stand as a life’s work for a less ambitious and 
energetic scholar. 

Volumes 5 and 6 continued the process of subdivision. To some extent this was 
the result of Needham’s own creativity, increasingly seconded by a team of talented 
collaborators. But as time went by, the role of these collaborators tended to change 
from that of co-workers gratefully acknowledged on a title-page to that of indepen- 
dent authors in their own right. ‘The first example of these to have a whole book to 
herself was Francesca Bray, author of Volume 6, part 2, on Agriculture. In that case 
the plan from the outset was that a whole book needed to be written on such a ma jor 
topic. But this was not always the case: there were instances when a topic originally 
planned as the equivalent ofa ma jor chapter grew in the hands ofan enthusiastic col- 
laborator until another physical part had to be added to the corresponding volume. 
Anyone who looks at the sequence of varied and fascinating scholarly publications 
that resulted from this process will surely agree that on the whole this process of 
growth was an overwhelmingly positive phenomenon. 

Volume 7 was subject to this process in its turn, but with less obvious effects. As 
the editor of this volume, Kenneth Robinson, explains in his preface, once the actual 
publication of Volume 7 began to be discussed the initial eagerness of collaborators 
exercised a continual pressure towards expansion of the author’s original modest plan 
for a concluding survey of social factors in the development of science, medicine and 
technology in China. Given Needham’s increasing age, the end result of this would 
have been a number of ‘earthly volumes’ by other hands, with which Needham 
himselfwould have had no very close authorial connection. Butas Kenneth Robinson 
recounts, the end result of what was at times a convoluted process was much simpler 
than at one time seemed likely. Volume 7 appears in two parts, the first of which was 
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xvi SERIES EBITOR’S PREFACE 


published some years ago with Christof Harbsmeier’s discussion of language and 
logic, and the second of which, largely by Joseph Needham himself, is now before 
us. 

There is however something missing in that short summary, and indeed in the 
account given by Kenneth Robinson himself. Anyone who knew Joseph Needham 
will remember him as a fountain of physical and intellectual energy, a man who 
continued regular work at his desk until the last day of his life. But that life began 
in 1906, and did not end until 1995. Although much of the material for this volume 
had been in draft for several decades, a great deal of work on it still remained to be 
done in the closing years of Needham’s life, and it was clear that without the help of 
a devoted collaborator much would have been left in a state unready for the press. 
Without Kenneth Robinson to fill that role this book could not have appeared. He 
was in fact the first of Needham’s collaborators to be credited as author ofa separate 
part of the text of Serence and Civilisation in China, in this case the section on Acoustics 
in Volume 4, part 1, which was begun in 1949, and his association with the project 
continued for much of the second half of the 2oth century. It was therefore very 
fitting that he should be the last of Needham’s collaborators to work directly with 
him in producing a text and in readying it for press, as he has done so devotedly 
in recent years. There is more to be learned from such a close working association 
with a great mind than can be expressed in conventional academic writing. We are 
fortunate, therefore, that in the Soliloquy that concludes the main text, Kenneth 
Robinson has given us some of the lasting impressions made by many conversations 
with Joseph Needham in the closing years of his life. This is not the place for a 
biographical sketch that might help to explain the circumstances that so obviously 
produced the right collaborator at the right time. For the moment it is sufficient to 
say that Kenneth Robinson’s help with this volume was yet another of the strokes 
of good fortune that combined with Joseph Needham’s personal dedication to make 
Saence and Civilisation in China possible in its present form. Few others could have filled 
this role so effectively, so tactfully, and so tirelessly, and readers of this volume owe 
him a considerable debt of gratitude. As Series Editor, I will simply say that the job 
could never have been done without him. 

When the author of such a vast work as this says his last word to his readers, some 
historical reflection on the significance of his achievement is surely appropriate. 
‘Those of us who have worked to bring this volume to press in the years since Joseph 
Needham’s death are perhaps too close to the whole enterprise to provide this. 
What was needed was to find a scholar who was intimately concerned with and 
deeply learned in many ifnot all of the areas covered by Needham’s writing, but was 
distant enough from the work of the Science and Civilisation in China project to view 
it objectively, while acknowledging it as one of the great intellectual phenomena of 
the 2oth century. | am sure that the ideal candidate has been found in the person of 
Professor Mark Elvin. The reader who wants to know, in the end, what difference 
all made can turn to ‘Vale atque ave’ with confidence. 


Christopher Cullen 
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VOLUME. EDITOR'S PREFACE 


This is formally the last volume in the Science and Civilisation in China series, by Joseph 
Needham, although volumes that precede it in numerical sequence are still in press 
or in preparation at the time of writing. When he first thought seriously about the 
Science and Civilisation in China project in the intervals of his work in war-time China, 
Needham originally aimed to write a single book. By 1948 this plan had expanded 
to seven volumes, but later he realised that it would probably require some thirty 
volumes to cover all the topics envisaged, notso much because of the number of topics, 
but because of the wealth of information his wide-ranging researches revealed. 

He aimed to write eighteen of these himself and to delegate twelve to specialists. 
But of these eighteen volumes there were six which he was not able to finish, or in 
some instances even to start. These were three of the four volumes initially planned 
on the institutes of medicine, and two on the social background of China in relation 
to science, the second of which would have ended with his General Conclusions. 

The volumes which he actually wrote were: Volume 1: Introductory Orientations; 
Volume 2: History of Scientific Thought; Volume 3: Mathematics and the Sciences of 
the Heavens and the Earth; Volume 4, part 1: Physics; Volume 4, part 2: Mechanical 
Engineering which concluded with some thirty pages concerning Chinese inventions 
and discoveries relevant to aeronautics; Volume 4, part 3: Civil Engineering and 
Nautics; Volume 5, part 2: the first offour volumes on alchemy and the beginning 
of chemistry, this one being mainly concerned with ‘the magisteries of gold and 
immortality’. Part 3 of Volume 5 traced the development of synthetic insulin from 
cinnabar elixirs. Part 4 was concerned with the development of chemical apparatus 
and theories from their alchemical beginnings, and the last of the four, part 5 of 
Volume 5, was concerned with physiological alchemy and its contribution to modern 
psychology. This made ten volumes. ‘wo more were Volume 5, part 7, on “The 
Gunpowder Epic’ which was, however, in large measure the work of Ho Peng-Yoke 
(Ho Ping-Yii), one of his most productive collaborators, and Volume 6, part 1, the 
first of two volumes on botany. Volume 6, part 6, represents what he completed on 
the sub ject of medicine. 

The average length of time spent in bringing a volume to publication was 3.3 
years, though this takes no account of the time spent on preliminary work and 
research before the final writing began. Very often portions of the work were first 
published as scientific papers. Needham was, for example, working on the text of 
Volume 4, part 1, in 1948, fourteen years before it was published, and six years 
before even Volume 1 was published by Cambridge University Press. The eighteen 
volumes which Needham intended to write himself were therefore likely to require 
approximately sixty years of work, plus the immense labour of preliminary research. 
The extent of this labour can be judged by the fact that when I asked him in the 
nid-1970s how he was getting on with the volume on botany, he replied, ‘At present 


xvii 











xvii VOLUME EDITOR'S PREFACE 


it’s a green blur’. He once wrote to a friend, Mr Hu Tao-Ching fiğġg': ‘It has 
been my experience all along that whenever I embark on a new chapter, we find 
that the subject is full of misunderstandings, mistranslation, erroneous ideas, and 
what are just plain errors. Gradually the true picture emerges as one works on.’ By 
1983, however, when we saw his botany text being made ready for printing, it was no 
longer a green blur. On the contrary, Needham had sorted out the different Chinese 
systems of plant classification, comparing them with European systems to such good 
effect that this volume on botany made an important contribution to the writing of 
the present volume in the article: “Literary Chinese as a Language for Science’. 

As Needham was forty-seven when he started writing the final text for Scrence and 
Civilisation in China, Volume 1, he could not have hoped to complete the eighteen 
volumes he eventually envisaged before he had reached the age of 107. What he 
was not to know until much later was that the scientific treasures to be discovered 
in the mountain of Chinese literature were so great that they could not be brought 
completely to light in seven volumes, or even in eighteen, but that eventually twenty- 
nine volumes would be needed to contain them, despite the fact that some intended 
subjects were abandoned as impracticable. 

Needham was granted ninety-four years for his amazingly productive life. He 
continued working on his General Conclusions till only two days before he died. But 
Science and Cwilisation in China wasonly part ofhis total output. He had some 250 works 
to his creditin addition to the volumes of Science and Civilisation in China, Gregory Blue 
lists some 385 ‘Publications’ in his very useful Joseph Needham — A Publication History 
(Chinese Science, 14, 1997, pp. 90-132). These cover new books of his own, translations, 
contributions with other authors, books he had edited, and well over 150 scientific 
papers. 

We may now consider his dilemma. As Needham delved ever deeper into his sub- 
ject, more and more sources for the precious ore which he was seeking kept opening 
up. Was he to leave it, as an archaeologist finding King Priam’s golden treasure 
might bury it again for fear that he would not have time to assess it properly, or 
was he to bring it into the light of day and trust that future archaeologists would 
finish his work where he had left off? All Needham’s instincts were for bringing what 
was hidden into the light of day, and trusting posterity to make a true evaluation 
of it. Therefore each volume in turn became more bulky than the last. Volume 1 
was a reasonably slender book of 248 pages of text. But Volume 2 had more than 
doubled with 503 pages, and Volume 3, with its 683 pages and very extensive supple- 
mentary pages, had become so heavy that, as Needham said, ‘it was too big to read 
comfortably in one’s bath’. So it was decided that in future each volume should be 
a reasonable size. This good resolution was followed in Volume 4, part 1, which had 
only 334 pages of text, but by Volume 4, part 2, this good intention was abandoned, 
for it now had 602 pages, and Volume 4, part 3, broke all records with 699 pages of 
text 


' See Li Guehae et al. cds. (1982), lrentispiece. 
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Then it came to Volume 5 whose subject was chemistry and its applications. The 
introduction to chemistry through alchemy in four volumes made it quite certain that 
Needham would not be able to finish the work himself, for the alchemical volumes 
would require thirteen years for their publication, by which time Needham would be 
eighty-four. Gunpowder, botany, four medical volumes and two concluding volumes 
on the social background still barred the way to a quiet retirement. Delegation 
became essential. 

He had first delegated to me the sub-section in Volume 4, part 1, on acoustics in 
1949 with the words: ‘acoustics is my blind spot. Id like you to fill it with perhaps 
twenty pages.’ In the end it came to just over 100, and that was before the sub ject 
had been opened up by archaeologists with the wonderful discovery of complete sets 
of bells establishing the frequencies of the notes of the traditional scale. 

This expansion persisted throughout. Once something previously unknown in the 
West was discovered Needham was reluctant to let it go again. Consequently several 
collaborators who were asked to contribute portions of a volume ended up by writing 
complete volumes themselves. Eventually sixteen volumes would be completed by 
fifteen collaborators. 

Fresh problems began to arise. That whole books were being produced by authors 
who had been invited to contribute just one section of a book was not in itself 
necessarily contrary to Needham’s wishes, but a different situation arose when the 
work submitted by that author did not fit into the general plan or where it contained 
ideas which Needham found unacceptable. 

Needham had originally listed a number of factors that he felt formed part of 
the social background enabling or disabling the rise of science. These included the 
geography of China, fiscal and economic circumstances, language, logic, concepts 
of time, the role of religion, the consequences of class attitudes, competition, nature 
and man, and many others. He hoped to retain overall control of the final volumes 
in which these factors were considered, but to be helped in the task by specialists who 
would contribute sections that would fit into the general plan. This was not possible. 
By the time he was eighty and ready to give his mind to the writing of the last volume, 
while also writing the Institutes of Medicine, a wide generation gap had opened up 
between himself and the best of the young sinologists. In the year 1980, I was invited 
to come from Hamburg to help Needham and his collaborators finish the remaining 
volumes. Needham at that time still intended to be in strict control of Volume 7. 
There were difficulties, however. lt was found impossible, for example, to persuade 
a modern geographer to write about his subject in such a way that the geography 
of China could be seen to be influencing the way scientific thinking developed. A 
volume was produced, but while excellent in itself it was a historical geography of 
China, not part of the Sczence and Cwilisation in China series as Needham saw it. 

A more difficult situation arose, however, when Professor Derk Bodde, one of a 
group of six scholars who, Needham hoped, would help him in the writing of Volume 
7, unexpectedly presented him with a substantial manuscript which followed very 
completely and precisely the outline which Needham had drawn up for Section 49 
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of Volume 7, “Intellectual and Social Factors’. In it Bodde put forward many views 
which Needham found quite unacceptable. Yet he hated saying ‘No’, and, as he 
explained later, when the leading American sinologist offers you as a gift a work on 
which he has spent more than a year, you can hardly refuse to accept it. Needham 
felt that Bodde’s work would be far better published as an independent contribution 
to scholarship, but sought a compromise, and said he would be pleased to have it 
published as part of Volume 7, provided that certain changes could be made in the 
writing. There was the rub. I was called in to sort out the differences of view between 
the two giants of the sinological world. This situation in which I found myselfis neatly 
summed up in the Burmese proverb: “Where elephants fight the grass is trampled’. 

‘The two main differences in points of view were (1) the role of the classical language 
of China in relation to science, and (2) whether the Chinese could be said to have any 
real science at all. These were areas in which compromise was not possible. When it 
became obvious that compromise would not be possible, Needham had a new idea. 
H. G. Wells’ Outline of History, which had been written in 1920, was met with a great 
deal of criticism. In 1931 Wells revised it, but following an original method. When he 
came to a passage with which a critic disagreed, Wells included the criticism in his text 
as a quotation, and then added his own riposte. Needham felt that this method would 
admirably suit Derk Bodde’s text. Where he disagreed with Bodde, he would insert 
the reasons for his disagreement, and if so desired would include Bodde’s further 
argument. A beginning was made on these lines, and it would certainly have made 
an unusual and interesting book, but the crisis came when Bodde asked Needham 
to withdraw a passage of close argument as it would upset the friends he had been 
quoting. Needham refused and Bodde then withdrew his entire contribution. In this 
way the Gordian Knot was cut, and the work of parcelling out portions of Volume 7 
to specialised writers began. 

At first it looked as ifit would be possible to do this following Needham’s original 
plan. The role of logic was an important part of it, and the great Polish logician 
Janusz Chmielewski had not only agreed to contribute a section, but had already 
submitted the first forty-two pages of his text. During the year 1983 it became clear 
that Professor Chmielewski would not be able to complete his undertaking due to the 
pressures he was under in Warsaw. It was suggested that he might have an assistant 
to work with him. Perhaps he would suggest and recommend a suitable younger 
logician. He recommended Dr Christoph Harbsmeier, who visited Chmielewski, 
discussed the work and agreed to take entire responsibility for it. He started work 
in September 1983. His contribution, like so many others to Science and Civilisation in 
China, rapidly increased from a section of a volume to a complete book that in 1998 
became Volume 7, part 1. 

An article on Language and Science in traditional China had been begun as 
soon as disagreement on this topic with Derk Bodde had become clear. It began 
as a ‘riposte in the H. G. Wells tradition, was first conceived as forming part of a 
volume together with the work on logic, then became separated, and was to form a 
volume on its own. But alter Needham’s death it became important to get the whole 
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work published as soon as possible. T'he text on language has therefore been included 
in the present volume in a shorter form than originally envisaged. 

The redesigning of Volume 7 had by the mid-1ggos resulted in the following plan, 
which represents the conccpt of the volume at its greatest length: 


Part 1 ‘The Nature of Chinese Society in Comparative Perspective.’ This 
would fall into six sections by difterent authors. 
Part 2 ‘Language and the Foundations of Scientific Civilisation in Ancient 


China, This eventually resolved itself into ‘Language and Logic in 
Traditional China’, written by Christoph Harbsmeier. 

Part 3 ‘Language and Science in ‘Traditional China’, to contain ‘a 
reconsideration of some characteristics of Chinese Science’ by 
Christopher Cullen, and ‘Literary Chinese as a Language for Science’ 
by Kenneth Robinson working closely with Needham. 

Part 4 ‘The World View of the Literati’, to cover concepts of Time, History, 
Religion, Education and Political Organisation. 

One by one items in this ambitious scheme of things had to be abandoned, either 
because Needham found the work that was submitted was unacceptable, or because 
the author was unable to complete it, or decided to withdraw it. In some cases work 
that had been completed and accepted had to be abandoned when the failure of 
other contributions withdrew vital clements from the structure. One decisive factor 
was that the history and sociology of science were in a state of turmoil from which 
they have not yet emerged, and ifa work was not published soon after it was written 
it was likely to be out of date. The old secure concept of ‘world science’ which had 
been part of Needham’s background had vanished. 

It was about this time that HRH The Duke of Edinburgh, Chancellor of the 
University of Cambridge, visited ‘The Needham Research Institute, and interested 
himself in the progress of the project. ‘And how long will it take to finish it?” he 
enquired. On being given a rather conservative answer, ‘Atleast ten years’, he ex- 
claimed, ‘Good God, man, Joseph will be dead before you've finished’, a very true 
appreciation of the situation. Ifit had been possible for Needham effectively to write 
Volume 7 himself, using others to reinforce or supplement his own writing as he had 
done earlier in his life, Volume 7 might have been presented with the consistency of 
a scientist writing in the mid-2oth century. But by the time he was eighty it was too 
late. Much had to be abandoned. Western views on China itself were changing, as 
Needham stresses on page 203 of the present volume, and these views have continued 
to change not only in the West but in China itself. There is, therefore, no possibility 
of presenting any definitive judgement on the role of China in world history, but only 
the views ofa great scientist and polymath in the mid-2oth century. 

The staf¥ofthe Needham Research Institute now found themselves in the position 
of the young man in Pope’s Essay on Criticism for whom — Hills peep o’er Hills, and 
Alps on Alps arise. 

The policy agreed on was not to attempt some of the major hills, on which 
Needham had written only briefly, and which would require much work from him 
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if they were to be updated and brought to the leve! of his published work. Time, 
Religion and Education fell into this category. But some of his existing writings could 
be brought together into Volume 7, part 2, preserving as much as possible of what he 
had originally intended Volume 7 to be, and some could be updated ifhe had the help 
of an academically trained secretary; for it must be remembered that in his closing 
years, though his mind remained lucid and his memory astonishing, Needham had 
great difficulty even in moving from one chair to another, and even more difficulty 
in speaking and in making himself understood, due to the effect of the medicines he 
took to control Parkinsonism. But a secretary, working closely with him day by day, 
could often understand what he had said, and could read what he had written, when 
others were baffled. 

When Needham died in March 1995 none of the material that he had intended 
for Volume 7 was in a condition ready for the press. In some cases there were in 
existence a number of inconsistent drafts without a clear indication of which was to 
be the final text, and in other cases a section of text required the searching out of a 
great mass of references that were no doubt in Needham’s capacious memory, but 
which had only been entered into his typescript in an abbreviated and sometimes 
cryptic form. As Series Editor and Volume Editor respectively, Christopher Cullen 
and J sat down together to decide what was to be done. Of decisive importance 
for us in deciding what should be included in Volume 7 was a document which 
Necdham had composed in 1981 and revised in 1987 in the form of a ‘testament’ 
in which he had set out his wishes as regards those of his writings which should be 
included in the event that he died without being able to see Volume 7 threugh the 
press. It is substantially this material that now forms Volume 7, part 2. ‘To this has 
been added the interesting chronological list of Chinese discoveries and inventions 
that Needham extracted from earlier volumes of Science and Civilisation in China and 
elsewhere during his work for this volume in the last years of his life. Needham himself 
acknowledged the provisional nature of any such list, and no doubt some items in it 
are open to discussion. But many readers will find this compilation stimulating and 
perhaps useful in beginning investigation of other volumes of Science and Civilisation in 
China. I should like to point out that in editing Needham’s text we have not made any 
attempt to eliminate occasional evidence that this material was not written yesterday. 
China has changed rapidly over the last decade, but Needham’s views expressed in 
these writings largely relate to a China before these changes occurred. Likewise, 
respect for the integrity of the author’s text has made us reluctant to make cuts 
when some parts of Needham’s argument are common to various sections of this 
book. 

As editor of this volume, I was fortunate in having been frequently engaged in close 
discussion with Needham in the closing years of his life on all the topics with which 
Volume 7 deals, so thatit was possible, though not always easy, to decide which of the 
variant versions of his textwas the one he intended as his last word. It was also easier 
than it mighthave been (though not very easy) to locate the material needed for some 
of the lacunae in his references. The resulting task has been time-consuming, but I 
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hope the reader will consider it worthwhile: I am confident that apart from the section 
of this volume in which I and others are specifically named as co-authors what the 
reader has here is emphatically and authentically Joseph Needham, speaking here 
in the closing stages of one of the greatest scholarly projects ever undertaken. 


Kenneth Robinson 
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Coming to the end of Joseph Needham’s Science and Civilisation in China can only 
be compared, as an experience, to reaching the final page of Gibbon’s Decline and 
Fall of the Roman Empire! One looks back at the journey taken, almost disbelieving 
its immensity. Parts of the landscape stand out clearly in the sunlight of memory. 
Others are already covered over by the mists of uncertain recollection. One knows, 
however, that one could return there easily enough if the need arose. What is harder 
te recall is the different state of mind with which one started out long ago. 

One’s conception of the world has been transformed. In the case of Gibbon, by 
a vision of the slow passage from antiquity to the Middle Ages, from our ancient 
Mediterranean imperium to the doubly divided inheritance of today: eastern and 
western Europe, and Christendom — or ex-Christendom — and Islam. In the case of 
Needham, by the revelation ofa Chinese cultural universe whose triumphs in math- 
ematics, the sciences, and technology were often superier, and only rarely inferior, 
to those of western Europe until about 16ee. ‘That contributed astonishing riches of 
practical invention to the origins of the modern age, the proper understanding of 
whose nature subverts the analytical logic of the standard model of modern Western 
history for those interested enough, and historically modest enough, to see why. 

The present volume, edited by Kenneth Robinson, and partly co-authored by him 
and Huang Jen-Yii, offers us a last chance to look a little deeper at how Needham 
thought about his work on the history of Chinese science in the wider context both 
of Chinese society and culture, including the surprising capacity of the old Chinese 
literary language for technical precision when it needed it, and of comparisons 
between China and Europe. Some of this material is new, notably that on language. 
Some of it, for the cognoscenti at least, is old though not easily available, and revised 
and updated here in varying degrees. 

It has to be said that, as scholarship has advanced, not everything that Needham 
wrote, lorty or more years ago, on the social and economic history of China now 
seems as solidly based as the greater part of his reconstructions of Chinese technical 
practice and scientific theory. The reader needs to exercise a certain caution here, 
searching at times less for information than for inspiration. But the challenge of 
arguing with him is invariably well worth taking up, in these areas as elsewhere. He 
saw a number of pivotal problems before anybody else did, and struggled to discover 
answers with such psychological energy that even those we now tend to judge as 
parual failures are illuminating. In the scientific domain, of course, he grasped that 
the question of why something like ‘modern’ science did not arise in imperial China 
was a serious one, even if it has since provoked efforts either to bypass it or to recast it 

' Which 1 read in 1954-5, mestly while travelling en the Londen Uncergreund. lt teek over a year te finish. 


Reading SCC has taken much lenger as the velumes have appeared seriatim since 1954, and, even se, I certainly 
would not claim te have looked at every page. 
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in a fashion more amenable to testing.? But even his famous theory that Chinese social 
structure in all of imperial times could be described as ‘bureaucratic feudalism’ 
on which I already differed with him in the early 1960s on the grounds that the 
changes ovcr 2,000 years were too great to allow any single such label, if rigorously 
defined, to be applied equally to all periods — has a heuristic value. To put a complex 
point a little too simply, the phrase embodies a long-lasting characteristic tension 
in the cultured classes of Chinese society: that between a deep belief, universalistic 
at least within the Chinese oecumene, in general ideals applicd generally, and a 
comparably intense attachment to certain specific particularistic and personalistic 
loyalties. 

Perhaps, to use metaphorical language, one can say that some of the mountains 
that grew from his work have been more eroded with the passing of time than others. 
But the orogeny was extraordinary. 


THE CHINESE PERSPECTIVE ON THE WEST 


What is hard to come to terms with, almost half a century after the appearance 
of the first volume in 1954, is the limited assimilation of Needham’s work into the 
bloodstream of the history of science in general; that is, outside the half-occluded 
universe of East Asian specialists and a handful of experts sensitive to the decisive 
contributions of comparisons.’ For these to be useful, there has to be enough in 
common between two domains to make comparisons and contrasts relevant, and 
enough different to make such juxtapositions reveal critically distinctive aspects of 
one or the other. Though one should acknowledge the claims of Islam and India, 
it is China, outstandingly, that has this quality vis-&-vis Europe, and vice versa. It is 
ungracious to start what should be a celebration with negative comments, but this 
continuing neglect needs insisting upon. Opening an issue of Nature not so long ago,! 
I found an essay by Adrian Johns that argues that “the social structures of [modern 
European] science were invented to cope with an explosion of printed information’. 
No one aware that printing was invented in China in or around the +gth century? 
could possibly countenance such an argument, at least in such a simple form, yet 
it seems that no one on the editorial staff of Nature knew or remembered enough 
to raise the question of the Chinese counter-case with the author.® One might say, 
with wry respect to Morris Low, that the only fault in his otherwise excellent recent 


2 As by Sivin (1982) and Elvin (1993-4), respectively. 

3 Pre-eminently, at the time of writing, Gcuflrey Lloyd. See Lloyd (1996). Fleris Cohen's survey of historiography 
of the Scientific Revolution ts also exceptional in devoting a long sectien to Needham’s work. While his analysis 
depends on an unqualified distinction between ‘science and ‘technelogy’ that 1, at least, find open to question, 
his appreciation of the key role of the Chinese case in helping te disentangle probable patterns ef causation is as 
exemplary as it is rare. See Cohen (1994). 

+ Jehns (2001). Johns” The Natur eof the Book Johns (1998) is subtler. He rightly insists thatit was not the technology 
of printing as such that was crucial, but the interactions of the potential ef this technology with a varicty ol changing 
social and cultural circumstances (pp. 19-20). But the absence of any understanding of, or even awareness of, the 
partial parallels and prebable dilferences between Europe and the other, and older, great print culture, that of 
China, makes even this rich work seem one-dimensional. 

> Barrett (1998). 6 The underlying idea is derived from Eisenstein (1980). 
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special issue of Osiris is its title, Beyond Joseph Needham.” The majority of historians of 
science are still, usually wilfully, on the wrong side or at best, asin the case of myold 
friend Alistair Crombie, daunted by the immensity of the task of coming to serious 
terms with Needham’s work even though aware of its importance.® 


ADDENDUM: THE PRACTICAL KNOWLEDGE OF PROBABILITIES 


Liu ‘lun 2 and Wang Yang- Tsung £ $$ 5% have recently published an anthology 
of pieces by both Chinese and non-Chinese scholars on the issue that concerned 
Needham.” Liu ‘lun cites and includes recent analyses that discuss the two main 
pre-Needham debates on the absence in imperial China of a home-grown modern 
science. The first was that among the Jesuits and interested French scholars in the 
18th century; the second was that started by Chinese intellectuals during the first 
third of the 20th century in the context of concern with China’s modernisation. This 
latter played a role in shaping Needham’s own early ideas on the subject, and he 
knew most of the participants. Liu also gives references to, and some items from, 
the extensive discussions on the ‘Needham Probleny that have re-emerged in China 
since about 1980. The collection further features many translations of recent Western 
scholarship, including pieces by distinguished historians of Chinese science such as 
Sivin, Blue and Hart, some sociology, and pages from contemporary mainstream 
Western historians of Western science such as John Schuster and Floris Cohen, plus 
Alexandre Koyré from an earlier generation. This book, which is a most valuable 
resource, appearcd too late to be properly incorporated into the argument of this 
introductory survey. Overall, though, it tends if anything to reinforce one’s impression 
that points of contact through which a live intellectual current is flowing between 
members of this mainstream and those inspired by the discoveries of Needham and 
his colleagues have remained, to date, disappointingly few. 

Crucially, intermittent inadequacy, or even the collapse, of the arguments of histo- 
rians, the high quality of whose contributions one is generally happy to acknowledge, 
can often be linked with a disregard of the Chinese case. A simple example occurs 
in David Lindberg’s The Beginnings of Western Science. ® He secs the ‘burst in creativity 
in lyric poetry and philosophy’ in ancient lonia, the fountainhead oflater European 
sensibilities, as being first and foremost the result of a ‘critical factor’, namely ‘the 
availability of fully alphabetic writing and its wide dissemination among the Greek 
population’. Yet ancient China, beginning at much the same time, had superb lyric 
poetry and philosophers some of whose work is still alive today, especially, perhaps, 
that of Chuang-tzu. And China used a non-alphabetic script. 


7 Osiris, 13 (1998). 

A comment bascd on years of participation in his seminar at Trinity College, Oxford, and several talks at his 
home in Boar’s Hill shortly before his death. 

9? Chung-Kuo Kho Hsiieh Yü Kho Hsieh Ko Ming. Li Yüeh- Se Nan Thi Chi Hsiang Kuan Wen Thi Yen Chiu Lun Cha Hsiian. 
PRN SRA EM. SHR BRAMMER [Science and scientific revolutions in China: Selected re- 
search on the Needham Problem and related topics] from the Liaoning Education Press in Shenyang (2002). 

K Lindberg (1992), p. 27. 
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While this argument as stated is thus dead, there is still an important issue to be 
examined. Science, more than any other human pursuit, is situated at the interface 
between symbols and reality. The power or inadequacy of a symbolic system is not 
a trivial question. We all know how a new notation can transform our ability to 
grasp a difficult concept.'! What the comparison with China can help us do is to 
look for subtler characterisations than the crude and unhelpful ‘alphabetic’ or ‘non- 
alphabetic’ when exploring this interface. Numerals such as ‘1’, ‘2’, ‘3’, etc., are not 
alphabetic. No one would, I think, essay the argument that this makes them inher- 
ently less useful than ‘one’, ‘two’ and ‘three’, etc. It has recently been maintained, 
however, that the-Chitiese =l ,.°2', \e-h.ete;sweneinferior to iiy 2 and 
‘3’, etc, which, given that they were similarly used in a decimal place-value system, 
seems more than a little unconvincing.” The European algebraic notation developed 
by Viète, Recorde (inventor of the ‘=’ sign), Stevin and others is a different matter.'? 

Subtler, and more intcresting, is the oversimplification committed by Edward 
Grant in The Foundations of Modern Science in the Middle Ages.'* Grant uses the ‘university’ 
as a magic variable that set medieval western Europe apart from the rest of the world 
asregards the origins of modern science. This is not a trivial argument, but thus stated 
it is wrong. There were analogues to universities in China, though not many. Perhaps 
the best-known cxample, though not the earliest, is the Thai-hsiieh K#, or ‘Great 
School’, run by the government during the Sung dynasty. It had both mathematics 
and medicine in its curriculum, and examinations. Ë Both in the Southern Sung and 
later dynasties the ‘academies’ (shu-yiian #§#) also offered a mixture of instruction, 
debate and training for the imperial examinations that changed over time.'® What 
Grant needs to do, if his argument is to carry conviction, is to sharpen up the 
focus and ask what it was about the estern university that was significantly different 
from these Chinese institutions as regards fostering the growth of scientific styles of 
thinking. My personal view is that this would not necessarily prove impossible to do. 
My point is that Grant does not sce that it needs to be done. So we still cannot see 
clearly what it was, precisely, that might have made the difference. 

I have chosen the two foregoing authors because I have found their work in general 
interesting and valuable. My criticism is motivated by a friendly dismay, and not by 
a sense of hostility. 

Familiarity with the patterns of Chinese premodern science also helps disentangle 
the confusions that surround our conceptualisation of the coalescence of scientific 
‘modernity’. Most of us have enjoyed the opening sentence of the introduction to 
Steven Shapin’s recent little paperback: “There was no such thing as the Scientific 
Revolution, and this is a book about it.!” But such a delightful, and insightful, 
witticism is no substitute for analysis. Ifwe use the analytical framework of Crombie’s 


3 


L! Nowhere more spectacularly in medieval times than in the creation of a musical notatien that permitted 
singers to sing directly from a score music that they had not previously heard. See Langellier (2000), on Guido 
d'Arezzo. 

12 In Huff (1993), p. 288. 13 Crombie (1994), p. 519- H Grant (1996). 

13 Wang Chien-Chhiu (1965). 16 Grimm (1977). '7 Shapin (1996), p. 1. 
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‘styles of scientific thinking’,!? it is possible to compare China and Europe in a 


controlled way that avoids the sillinesses at times associated with arguments as to 
whether some idea was ‘prescicntific’, or ‘protoscientific’, or perhaps ‘modern’, er, 
then again, not. Saying this does not imply any unconditional adherence to Crombie’s 
ideas." It is drawing attention to a method that offers a fruitful way of disaggregating a 
question into more manageable subquestions, namely how far premodern Chinese 
thinkers had developed the various styles of thinking that have in the long run, as 
they have combined with each other, proved crucial to the growth of a distinctively 
‘modern’ science. This combination might even be used as the basis of a secure 
definition of the development of increasing degrees of such ‘modernity’. 

As I have shown,” as of about 1600, China possessed in varying degrees all of the 
styles of thought identified by Crombie as the eventual key components of science — 
the ‘postulational’ (like Euclidean geometry), the ‘experimental’, ‘hypothetical mod- 
elling’, ‘taxonomy’, the ‘probabilistic’, and ‘historical derivation’ (the prototype of 
which, in Europe, was the study of the genesis and diversification of the Indo- 
European languages) — with the apparent exception of the probabilistic, which hardly 
yet existed at this time even in Europe. By this date these styles were mostly less 
strongly formulated in China than in Europe, but they were there. The revolution 
in Europe after 1600, in so far as there was one, lay mainly in the acceleration with 
which these styles of thought both developed, and interconnected, rather than in 
any fundamental qualitative innovation — probability excepted. By 1750 China was 
far behind in almost every one of these domains ~ the ‘historical’ being perhaps the 
only doubtful case if we recall the sustained scholarly programme (in a more or less 
Lakatosian sense) to reconstruct the filiation of ancient Chinese pronunciations of 
characters as these pronunciations changed over time. 

Another way of looking at the issue of continuity versus radical change in 
17th-century European scientific thinking is to re-read Newton’s Principia adopt- 
ing the imagined mind-set of a scholar (of any nationality) sufficiently steeped in the 
Chinese tradition to be able to look at Europe, even if only momentarily, with the 
eyes of a cultural outsider. I tried this seemingly, but only seemingly, disingenuous 
thought-experiment recently with Bernard Cohen and Anne Whitman’s lucid new 
translation.”! It is a totally unrigorous procedure, but the result makes a sort of sense. 
Such a person’s first reaction would almost certainly be that this is a book conceptu- 
ally deeply rooted in European antiquity, as with its diagrams that seem so Euclidean 
at first sight and its pervasive use of ratios, combined perhaps with some later me- 
dieval notions, like that of acceleration, invented some time before 1235 in Merton 
College.”? His second reaction would be one of awe at the wizardry with which the 
lines of these diagrams take on imaginary motions in the mind, approaching their 
ownextinction, and conjuring up limits and the concepts of the calculus. Seen, in the 
imagination, from the other end of Eurasia it is both traditionally and recognisably 


a Crombie (1994). 9 There is a lucid and careful critique in Lliffe (1998). 
2 Elvin (1993-4). 21 Newton (trans. 1999). ?2 Crombie (1994), vol. 1, pp. 412-14. 
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Eurepean and breathtakingly new. An old and needless conflict thus to some extent 
dissolves. The capacity to translate ourselves at will to a different conceptual per- 
spective on our own local history by means of an imaginative absorption into that 
of China is one of Needham’s most fruitful, and underappreciated, gifts to the field. 
These are impressionistic remarks, as befits an introduction and perhaps only per- 
missible in such a context. What I hope they suggest is that there are, still, argument- 
sharpening comparisons and perspectives accessible to Western historians of Western 
science if they will familiarise themselves in a serious and sophisticated way with the 
world of premodern Chinese science opened up by Needham and his collaborators. 
The adjectives ‘serious’ and ‘sophisticated’ matter. Credit must be given to scholars 
who have recently attempted a comparative analysis, such as David Goodman and 
Colin Russell in their Open University textbook, The Rise ef Scientific Eure pe: 1500 
1800, which is in many ways admirably multiple-angled in its approach, and Toby 
Hull, The Rise of Early Modern Science. Islam, China, and the West, which raises the majority 
of the key issues, even if it does not always probe deeply cnough.?3 Apart from a 
number of avoidable factual crrors,”* they suffer, however, from two systemic defects. 
The first of these is an inability to use the prism of chronology to split the light from 
the Chinese past into periods with distinct characteristics. Thus Huff states that, 


the Chinese state in theory owned all the land and mineral wealth of the country, so that 
even mining operations . . . were operated as government monopolies. . . . Likewise all 
banking innovations such as letters of credit . . . , long-distance facilitation of exchange, 
and so forth, were taken over as state monopolies. There was no scope for entrepreneurial 
innovation, and thus disinterested learning . . . was discouraged because these avenues of 
advancement were closed without state sponsorship.”° 


Leaving aside the issue of theoretical eminent State domain, which was important 
up to and during the +1st millennium but rarely later, the points in the first two 
sentences applied to some sectors at some periods, and in some places, but virtually 
never universally. There was plenty of private mining from Sung through to Chhing 
times;”° and private instruments of credit were extensively used during the Sung as 
they were under the Chhing, which also saw the rise of private financial institutions 
like the ‘money shops’.2” Under the Chhing the long-distance transfer of funds 
was handled above all by the Shansi banks, which were technically private though 
in a sort of symbiotic relationship with the government. The last sentence in the 
quoted passage is, however, untruc. The Chinese economy during most of the last 


25 Goodman & Russell (1991), and Hull (1993). 

3 Onc example will serve. Goodman & Russell (iggt), p. 7, state that the Chinese empire had ‘reached its 
furthest extension in the sixth century AD.... H was... at this ime thatthe Muslim Empire, expanding northeast 
from Persia, encountered the Chinese and defeated them.’ It was of course not the +6th century but the late +7¢th 
and the +8th centuries. The key battle, at the Talas River, was in +751. See Blunden & Elvin (1983), pp. 92-3. In 
the +6th century Islam did not even exist, and a ‘Chinese empire’ recrystallised only after the +580s, with the Sui 
dynasty. 

3 Hufl'(1993), pp. 312-13. My italics. Jt is worth repeating that, like the other works criticised above, this book 
has merits that justify the provision of the sinological qualification and correction that follow. 

26 Golas (1999). I Chhien-Chuang $3. 
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millennium fizzed with entrepreneurial activity. Thisis apparent from, for example, 
Shiba Yoshinobu’s Commerce and Society in Sung China, and the materials cited in my 
own books, The Pattern of the Chinese Past and Another History (1996),*8 but there is 
plenty of other evidence, both primary and secondary. Given this, which is a fact 
that cannot reasonably be disputed by anyone who is informed, the logic of Huff's 
‘because’ becomes the crux of the issue. [fit is a valid statement ofa historical causal 
relationship, then there must have been abundant “disinterested learning’ in China 
during the middle and later empires. If there was not, then it is false. His and the 
reader’s choice. 

It should be noted here that the pioneering nature of Needham’s work meant that 
he himself, half a century ago, could not develop a fully integrated chronological 
approach to the development (and the setbacks) of Chinese science and technology 
in their full historical social contexts. Practical reasons obliged him, and his collab- 
orators, to begin by treating the subject topic by topic and so create an Encyclopédie 
in the best sense of that word, often profound and provocative, but compartmen- 
talised. It also seems likely that he was personally uncomfortable with the prospect 
of exploring a logic of Chinese historical development that might prove too different 
from the immobile and Eurocentric formulae of the Soviet and Chinese Marxism of 
his time, though Marx himself, one suspects, with his independence of mind, might 
well have relished the task, given adequate information to work with?" 

As I have already noted, Needham acknowledged but at the same time evaded the 
issue by comprehensively defining the imperial Chinese system over two millennia 
as ‘bureaucratic feudalism’, a new term in this context, and one which is discussed 
at several points in the present volume. The problem with this label, as I suggested 
to him in private correspondence and discussion in the early 196es, is not only that 
any tightly constrained and testable definition that one constructs for this concept is 
unlikely to work equally well for all periods, but that its adoption tends to negate aprior 
the possibility of recognising significant changes.” The once justifiable excuse of the 
constraint of insufficient information has, moreover, ceased to apply for some time 
now; and one of the long-term objectives of present and future historians of Chinese 
science has to be precisely to restructure the mass of information made available by 
Needham, and by his collaborators, and his successors, and critics — by no means 
disjoint sets of persons — into a synthesis more sensitive to the long-term changes in 
Chinese society and culture. 

The second defect in the two comparative studies just mentioned is a disinclina- 
tion both to analyse the meanings of key terms and to show how they might fit into 
an explicit argument focused on the development, or non-development, of scientific 
thinking in various socio-intellectual contexts. Here we can take as an example the 


28 Elvin (1973) and (1996). 

> a A š s =: z : 

?9 Joan Robinson (1942), in An Essay on Marxian Economics long ago pointed out how extensively Marx changed 
his ideas from those in volume I of Das Aapiial to those embodied in the fragments published as volume IH, ending 
up by seeing ‘underconstmmption’ as the most likely cause of crises in capitalist cconomics. 

© Needham papersin the Needham Research Institute. 
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idea of ‘proof. Huff sees as foremost among ‘the main defects of Chinese mathe- 
matical and scientific thought’ that it ‘lacked the logic of proof as well as the con- 
cept of mathematical proof’.2! Goodman, in Goodman & Russell (1991), concurs: 
‘A....shortcoming of Chinese science is the absence of the idea of proof, so important 
in Western science since the time of the ancient Greeks’.? The issue here is not the 
absence, or presence, in premodern Chinese mathematics of the ideal of proof in 
the sense of a consistent system of primitive terms, a set of axioms, and more or less 
fully formalised rules for generating well-formed propositions and ‘true’ theorems 
as exemplified in a Western tradition running from before Euclid down to Hilbert. 
Apart from the flickers of almost Boolean logic in the Mohist canon 2,000 years 
before Boole,» it is generally agreed that this is a fair statement of the case. The 
issues are, rather, the following: 

(1) In four out of the six of Crombie’s styles of scientific thinking, ‘proof in this 
sharply defined sense is not relevant to scientific advance at what we might loosely 
call an ‘early modern’ level. ‘This comment applies to modelling, experimentation, 
taxonomy and historical derivation, though not of course to the postulational style 
nor, with some reservations, to probabilistic thinking. With respect to particular fields, 
it clearly plays little or no part in chemistry, the earth sciences or the life sciences at 
this level. The case can also be made that it is of little importance even for the early 
history of some parts of physics, such as magnetism. If it was so crucial an element, 
one would have expected to see marked differences in China between the domains 
where the absence of ‘proof mattered and where it did not. So far as I can tell, if we 
examine the period 1550 to 1750, this was not the case, or only weakly so. 

(2) If we take as a rough working rule, to simplify a subtle discussion, the notion 
that ‘theoremsare discovered but proofs are invented’, in what specific crucial aspects 
as regards discovery did what we may term ‘Euclidean-Hilbertian proof in Western 
mathematics differ from what I would describe as the ‘sequences of co-ordinated 
demonstrations’ that we find in the best traditional Chinese mathematics? Works 
like the Chiu Chang Suan Shu JLB # 4¥ (Nine chapters on mathematical procedures), 
with its +3rd-century commentarics by Liu Hui 4 4%, at least come close at times to 
what Karine Chemla has called ‘algebraic proof within an algorithmic context’.*4 
They are not just numerical cookery books. Even if we do not, yet, easily go all the 
way with Chemla’s challenging formulation, there is a need for an examination of the 
particularities in this domain, rather than unexamined generalities. Moreover, Sung 
and Yiian mathematics was still capable of important discoveries, such as aspects 
of modular algebra and the theory of determinants.*° The late imperial discovery- 
barrier problem remains as elusive as it is important. 


3" Huff (1993), p. 288; see also p- 278. #2 Goodman & Russell (1991), p- 12. 

35 For a summary of the debate between the present author and Professor Makeham on this sce Elvin (1996), 
pp. 276-9- Also Elvin (1990). 

3+ Chemla (1997-8). 

353 See the revised edition of Blunden & Elvin (1998), ‘Principles of Mathematics’, pp. 194-7, for asketch of these 
and other topics. (The original English-language edition of 1983 contains misprints in this section.) See also SCC, 
vol. 3. 
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(3) Though it was certainly not non-existent, it seems likely that the drive to what 
might be called the ‘mathematisation of observations’ was significantly weaker in pre- 
modern China than in Greek antiquity or in Europe alter the later Middle Ages. The 
Chinese artisans who built rectangular-trough pallet-chain pumps for drainage and 
irrigation in the lower Yangtze region in late imperial times altered the proportions 
of troughs and pallets by (one assumes) trial-and-error to optimise the use of energy 
for different angles of inclination of the trough, presumably knowing but keeping 
to themselves the appropriate empirical proportions. The 18th-century French hy- 
draulic engineer De Bélidor, using simple Euclidean geometry plus simple mechanics, 
calculated and published the specific optimal ratios for the same type of pump — 
which was clearly, by a nice twist, originally borrowed from China. Although 
‘proof hovers in the background, because of the geometry, the crucial difference 
here was the early modern European desire not only to express the particular pro- 
portions (observed in both cultures to work better or worse according to the slope) 
in numbers, but, above all, to find a general way of calculating the best for any given 
circumstances. The mathematisation of observations is not the same as the use of 
‘proofs’. Though the distinction can be subtle, it needs to be made. 


EXCEPTIONS TO NON-COMPARABILITY 


There has been an intermittent tendency among historians and philosophers of 
science during the century just past to make two partial truths into absolutes. ‘The 
first is that all systems of thought inevitably rest on assumptions that are formally 
arbitrary — which is correct?” — and that ¢herefore any one such system is just as 
objectively correct as any other — which is misleading in its unstated implications. It 
is not the case that ‘anything goes’, to quote Feyerabend’s celebrated if not entirely 
intelligible phrase."* From a historian’s point of view, at least, different systems of 
thought and practice have different behaviours and different capacities for particular 
typesofaction, and distinguishing between themis the essence of his work, just asa biologist 
distinguishes between species and their behaviours. The second partial truth is that 
cultural systems of belief, value, conception and perception are independent worlds 
of mutually intercletermining parts whose separate components cannot meaningfully 
be compared with their apparent counterparts in other systems. Anyone who has 
lived a substantial part ofhis life in different cultures is aware that this is not without 
its measure of truth, and that people in different societies do tend to live in what 
I have elsewhere called complexes of different ‘stories’.*” But there are subsets of 
effectively identical phenomena that can be common to two or more such societies, 


36 


Discussed and documented in Elvin (1975), reprinted in Elvin (1996), pp. 98 9. The French name was ‘moulin 
à chapeler or ‘pompe à chapelet’, in other words a ‘rosary-beads pump’. 

37 Thus in one formulation of mathematical logic, the system is based on ‘trug and Yalse applied to atomic 
propositions, a universal propositional calculus cennective such as ‘neither... nor... quantification (the idea of 
‘all), and some suitably circumscribed notion of the ‘membership ofan element in a ‘sev. See Quine (1951) and 
also (1963) for a demonstration that such feundations are not unique. 

Lakatos & Feyerabend (1999), pp. t4, 116 and 324. 39 Elvin (1997). 
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and where ‘right or ‘wrong’ answers have also to be effectively identical. These subsets 
have the useful property of permitting precise comparisons, even if it is necessary to 
be cautious about delimiting them. There are normally cultural penumbrae around 
the subsets that are indeed significantly different. 

Where China and Europe are concerned, during the period, broadly speaking, 
from +50@ to +1700, the most useful such subset is probabilistic thinking relating to 
gambling, particularly with dice. The crucial analytical importance of probabilistic 
thinking for many general issues in the early history of science has been on the whole 
poorly appreciated by historians of science. It is also one of the domains where the 
divide between so-called ‘science’ (in the sense of, loosely, explicit abstract thcoret- 
ical conceptualisation) and so-called ‘technology’ (in the sense of, looscly, concrete 
practice) — a commonplace that becomes questionable when looked at in terms of 
the tendency towards the close interrelationship in the styles of thinking and action 
that prevailin a given socicty at a given time ~ is blurred to the all but invisible. In the 
probabilistic domain the adequacy of conceptualisation is constantly being tested by 
repeated ‘experiments’, such as throwing dice or using other alcatoric devices such 
as the Sung dynasty practice of commercial gaming for prizes by means of darts 
being thrown in quasi-random fashion at a revolving circular target subdivided into 
different areas— the physical analogue ofa subdivided probability space. In the pre- 
modern Chinese case, when it is contrasted with carly modern Europe, the study of 
probabilistic thinking also shows that the factors commonly instanced as ‘external’ 
causes in Europe (commercialisation, monetisation, widespread numeracy and the 
like) are useless as criteria of differentiation. (They were all present in China.) We 
can accept them as probably necessary preconditions, but not as sufficient ones. 

‘Internal’ criteria present different but equally tough problems. The Chinese tra- 
dition had more than sufficient skill with the arithmetic of fractions required for 
the analysis of probabilities. There was some familiarity with permutations, most 
generally in the case of the 2° = 64 possible sequences of six unbroken or broken 
lines in the hexagrams of the Book of Changes. The 33° possible arrangements of 
black and white counters and empty spaces on the 19 x 19 intersections of the go 
board, famously established in principle by Shen Kua, would not have been as well 
known, but show the capacity of Chinese mathematical culture to come up with 
the appropriate formula. In late imperial times there was likewise a basic familiarity 
with combinations, most evidently in the systematically tabulated sets of all possible 
distinct scoring patterns from throwing five six-sided dice without considering the 
order of occurrence of individual values.® Putting these three together would have 
yielded a basic calculus of probabilities, in all likelihood a lucrative discovery for 
its discoverer. It is also virtually certain by deduction from the values used that, at 
least by late imperial umes, the exact relation between stakes, probabilities of out- 
comes, and payolls was grasped by the professionals running certain gambling games 


# Elvin (2008). 
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such as fan-than 7 3%, a version of a very ancient amusement called by many other 
names, such as ‘Lay Out the Coins’ (than-chhien #4), summarised below. Probably 
to safeguard valuable trade secrets the figures were never published, and so the codi- 
fication, generalisation and progress usually associated with public availability never 
occurred. But there appears to have been no ‘internal’, that is conceptual, barrier to 
taking another step. 

Analogously, by the +4th century or earlier, the Chinese had some notion of 
what we would today regard as a ‘statistical distribution’, usually imagining it in a 
bureaucratic context such as the unequal burden of labour-service obligations on 
different areas (such as carrying tax-grain for different distances). So far as we know, 
however, they devoted themselves on/y to methods for calculating how to remove the 
inequalities, as part of administrative fair practice, not to their analytical definition. 
Thus, while they knew how to interpolate a mean value between two extrema, 
they had no idea, then or later, of characterising a statistical distribution by means 
of its variance and other such measures.*! To date, neither mainstream historians 
of Western science nor specialists in the premodern Chinese variety have realised 
just how great are the difficulties which the considerations outlined in this and the 
preceding paragraph make for their favoured explanatory frameworks. 

This is one of the few scientific topics with which Needham did not, so far as I know, 
concern himself, though he opened the door to us by even thinking of pursuing such 
an enquiry in a Chinese context. This is testimony to the continuing vitality of the 
project, and the way it continues to impinge on the broader discipline of the history 
of science as a whole. The elusive history of clues to the presence of probabilistic 
thinking in premodern China is too complex to be pursued further here; but what 
can be said by way of a summary of the present position is that two main points 
seem to have emerged. The first is that in terms of what made its way into the public 
domain, the apparent stopping point is bafHing: all the basic conceptual tools were 
there in a highly appropriate socio-economic setting, but nothing further happened. 
The second is that there are numerous indications that unpublished investigations, 
even if possibly only of an empirical or tabulatory sort, must have gone considerably 
further, whether one is looking at some of the details of the scoring system in the 
milfoil stalk oracle-casting technique used in association with the Book of Changes, at 
the operations of professional gamblers, or the gambling-selling methods of Sung 
dynasty shopkeepers.'? Simply as an illustration of the type of information from 
which this unpublished capacity can be deduced, is the family of coin-games that 
culminated in late imperial times as fan-than, already alluded to and summarisedhere 
in a separate box. 





+l Ibid. 

+ Those interested in pursuing this topic should consult my unpublished paper, Elvin (2000), whichis on deposit, 
with a short bibliography, in the Library of the Needham Rescarch Institute at 8 Sylvester Road, Cambridge, 
England, and available to anyone who contacts the Librarian. 
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PRACTICAL KN@WLEDGE @F PROBABILITIES 


The commonest type of coin-game was probably that known as “Lay @ut the Coins’ 
(than-chhien 4% $% ). It had other names: ‘Mind Money’ (t-chhien & $2 ), ‘Guess Numbers” 
(she-shu 44%) and ‘Tricky Estimate’ (khuei-i #48) among them. In the later 19th 
century it was the basis for fan-than Æ #, played in State-supported dens to provide 
finance for the navy. By this late date at least, the game was played as follows: 


An arbitrary quantityof copper coins was drawn at random from a heap called ‘the cash 
surface’ (chhien-phi $88 ) and put into a receptacle (than-chhung # #8). The participants 
then laid bets on the residue that would remain when the contents were counted off 
by fours. (Thus 3@, which is (4 x 7) + 2, would leave a remainder of 2.) There were 
thus four possibilities, or ‘gates’ (menP4): 1, 2, 3 and 4 or o, taken as a cycle for ordering. 
There were four types of wager: 


1. Fan Æ. Betting on a single number. The pay-off for success was the stake back plus 
three times the stake. 

2. Nien 4, or jen FB. Betting on two adjacent numbers, onc of which was the principal 
and the other the ‘support’. If the winning number was the principal, the pay-off 
was the stake back plus two times the stake. If the support was the number that 
came up, the stake was returned. 

3. Chiao få. Betting on two adjacent numbers. If either was the number that came up, 
the pay-off was the stake back plus one times the stake. 

4. Cheng iE. Betting on three sequential numbers, the one in the muddle being the principal. 
The pay-off for the principal was the stake back plus one times the stake. If either 
of the other two numbers came up, the stake was returned. 


The gambling establishment derived its income froma Ie per cent levy on winnings. 
This apart, was it a fair game? It seems so. Writing ‘s for ‘stake’, we have for the 
four options the following expectations: 


1. (1/4) X 4s = 15 

2, (1/4 x 35) + (1/4 x 15) = 15 

3. (1/4 x 25) + (1/4 X 25) = Is 

4 / 4.3628) 0/4 K 18) + t/a x Se 


Computer simulation and analysis both show that the debarred betting options do 
not affect fairness. The number of coins drawn has a slight effect on the frequency 
of the four possible moduli, but simulation shows this can be virtually eliminated by 
requiring that the number of cash drawn falls within a reasonable range, such as 31 
to 98. (In 10/ trials for this range all four moduli appeared at a frequency of 2.5@ x 
1e°.) How far probabilistic thinking was needed to construct this game is an open 
question. [t may have been cnough to see that, given equal probability of outcomes, 
the better’s net gains and losses sum to zcro for each of the four betting patterns. 
These may be expressed as the cyclical groups fermed from (~ 1, —1, —1, + 3), 
Gr 1, 0, +2) and (—1, —1, +2, @),(—1, —I, +1, +1) and (—1, 0, +1, 0) respectively. 


Note: This reconstruction is a compromise based on conflicting accounts in Kuo & 


Hsiao (1995), and Lo & Hsiieh (1994). See Elvin (2e0e) for the details, and Tzu Hsia 
Chi, p. 157, for the earlier history. 
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Finally, aleatoric technology was to a surprising degree shared between the Chinese 
and European (and other major Old World) cultures after about +600, though not 
completely. Games, like backgammon and dominoes, travelled back and forth. The 
first, for example, went to China; and the second came from it. The correct solutions 
to problems involving probabilities had therefore to be essentially identical in both 
cultures, though full precision in matching stakes and odds was not always necessary 
if one side (like a gaming-house) had the institutional power to impose a margin in its 
favour. Those who got the sums wrong lost money — in both cultures. ‘Phe well-known 
problem of the difficulty in transterring skills needed for the successful replication 
of technical results does not arise. The basic criteria for minimal comparability are 
thus met, as is the criterion of a similar definition of ‘success’. The concept of fully 
separate Chinese and European cultural domains cannot be sustained in this area, 
which is what gives it much of its theoretical interest. 


PossiBLE FUTURES 


So all-embracing is the intellectual tapestry woven over fifty years in the volumes of 
Science and Cwilisation in China, ranging from the particularities of tradesmen’s tools 
to the vast generalities that sustain the premodern Chinese versions of ‘theories of 
everything’ that it is hard to resist the question, ‘What remains to be done, apart from 
supplementing, correcting, fine-tuning and reinterpreting?’*? Thanks first and fore- 
most to Wang Ling’s eleven years as Needham’s first research assistant, the project 
long ago identified the majority of the major texts,** even if much work has still to 
be undertaken on them. ‘This aside, it might seem that what is Icft to be attempted is 
mostly to trawl a vaster ocean of less familiar literature and less densely distributed 
materials, cetacean-style, for intellectual nourishment and perhaps occasional trou- 
valles. Thus the publication of what is, formally, the final volume in the survey of the 
history of Chinese science undertaken by Needham and his collaborators is an ap- 
propriate moment to ask, ‘Is this impression justified? If not, where can substantive 
research advance next? 

Isay ‘substantive’ as re-evaluation and criticism have of course been going on since 
the 1950s.” In recent years French scholars in particular have been at the forefront 


3 An example of the need for fine-tuning arises from the divergence of vicws between Dieter Kuhn, the author 
of SCC, vol. 5, pt. 9 (t988), pp. 225-36, and the present author in Elvin (1972) on the most plausible reconstruction 
of the water-powered spinning machine described by Wang Chen early in the 14th century. My reply to Kuhn 
appears on pp. 60-3 of Elvin (r996) and highlights distinctive strengths and weaknesess in the two versions. Notably 
Kuhn adheres to the proportions given in Wang’s txt, but pays no attention to the best iconographic tradition, 
with which these are not consistent. My version, validated by professional spinningenginecrs as workable, is hased 
on the superior images and matches each item depicted, but does not have Kuhn's scrupulous correspondence 
with the text. Both versions, however, require assumptions justified neher mm the text vor the images in order to 
work, but make diflerent choices. It would seem that the experimental reconstruction and testing of a range of 
close-to-full-scale working models is called for if the analysis is to be carried forward. 

H See Needham’s charactcristically generous acknowledgement of Wang Ling’s first seven years on p. t4 of 
SCC, vol. 1. Lt was only recently, when beginning to work through Wang L.ing’s papers and library in Canberra, 
courtesy of Mrs Ruth Wang, that I realised how much of the bibliography of secondary works in SCC was also 
likely t have been due to Ling’s indefatigable truffie-hunting. 

® For references to the older literature, sec the references in Elvin, Peterson, Libbrecht & Cullen (1980). 
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of offering a different perspective on many parts of the field,*® as well as important 
new contributions in fields such as mathematics and botany. The francophone Swiss 
sinologist Jean-François Billeter and his colleagues have also launched a plausible 
and provocative attack on the view of Needham and his collaborators that Shen Kua 
can be sensibly conceptualised as a ‘scientist’.*” If tenable, this key case implies a 
need to re-examine many of the assumptions built into the language that we have 
grown accustomed to using. The present introduction is not the place for a critique 
of these criticisms. The developing polyphony of multiple voices, whether one always 
agrees with them or not, is, however, an enrichment of the field to be cherished. Like 
the journal Chinese Science, now re-entitled Hast Asian Science, Technology, and Medicine, 
it bespeaks its continued vitality. 

It is unlikely that these responses and initiatives would have existed but for Need- 
ham’s volumes to provoke them. Many recent scholars who have to some degree 
taken issue with Needham’s views have in fact gone generously out of their way to 
acknowledge this debt.*® The only partially parallel sources of inspiration during 
the appropriate period were Japanese: the rich anthologies on aspects of the history 
of science and technology in China in various periods inspired and edited by the 
late Yabuuti Kiyosi 3% A7.” Though these are slightly later than Needham’s earlier 
work, they have to a large extent overlapped with it chronologically.” Being ofa more 
restricted scope, however, it seems fair to say that they did not present a comparable 
challenge to existing paradigms in the history of science. 

I would identify three domains that seem to me to be promising for future sub- 
stantive work. It is certain that many readers can think of others. The first domain is 
probabilistic thinking, already touched on above and illustrated in the accompanying 
box. ‘The reader will have seen from this that, at least in a context such as this one, 
Needham’s sometimes criticised custom of thinking in terms ofan ultimately universal 
modern science cannot, perhaps surprisingly, be faulted. 

The second is scientific knowledge in action in specific environments, drawing 
mainly on the Chinese sources for local history, which are particularly rich for the 
late imperial age. In no other area is the unsatisfactory nature of drawing a sharp, 
as opposed to what might be called a ‘blurred’, distinction between ‘science’ and 
‘technology’ so evident. Conceptual understanding of how a landscape ‘worked’ 
regularly informed premodern Chinese actions to transform it, or control it, or re- 
store it! This was evident, for example, in the interplay between hydrological and 
hydraulic theorising on the one hand and hydraulic practice on the other. Irrigation 
systems, flood control, drainage and sea-wall construction had a large rule-of-thumb 
component, but, especially as regards how it was thought that water behaved and 


16 See the Revue Phistoire des sciences, 42, 4 (1989) and 43, 1 (t9g@), Problèmes d'histoire des sciences en Chine’, 
1) ‘Méthodes, contacts et transmissions” and (IQ) Approches spéciiques’. 


Y Billeter ef al. (1993). *8 Notable examples are Cullen (1877) and Libbrecht (1973). 
19 Someu'mes written “Yabuuchi Kiveshi’. 


3 For a full bibliography of Yabuuti’s publications. see T3gd (2002). 


5! There are examples in several of the chapters in Elvin & Liu (1998), notably those by Vermeer, Osborne, 
Will, and Elvin & Su. 
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sediment was deposited or entrained, there was — over more than a millennium — a 
vigorously debated component of theory. And more than just theory: theory con- 
stantly tested in practice. 

There is a slightly Brahminical disdain among some of those scholars concerned 
with the history of the ‘higher’ sciences towards early attempts to make rational 
sense of such rough-and-ready complex phenomena as moving water, mud, earth, 
erosion and vegetation cover. It is true of course that the results were rarely clear-cut, 
and empirical art and experience could sometimes win out for a time over theoreti- 
cal understanding. Effective action in this context is commonly required more than 
comprehension in the abstract, especially at the beginning, To give an example, Su 
Ninghu and I pointed out some time ago that although Phan Chi-Hsiin %4 Æ flin the 
16th century had grasped that the celerity ofa movingcurrentdeterminesits capacity 
to transport suspended sediment,” this did not mean that Phan’s attempt to use this— 
correct — principle to clear the silted-up lower reaches of the southern-course Yellow 
River by concentrating them in a single channel, and then narrowing this channel, 
was wholly successful. In particular, while doing this shifted an enormous volume of 
sediment, he overlooked that, since the speed of the current slowed as it approached 
the sea, the suspended materials would be largely dropped again, creating a barrier 
across the sea mouth.°? In 1593 he was replaced by the more traditional and prag- 
matic Yang I-Khuei # — # who did the best he could to undo the damage, though 
only with limited success. 

Even accepting that there is thus a gross and approximative aspect to most early 
Chinese environmental science, it seems difficult to deny it the label of science. To 
give just one example following on from Phan’s case: by the first half of the 19th 
century we can find a clear understanding that as a current slowed it progressively 
dropped its suspended sediments in a sequence from the heavier and larger to the 
lighter and smaller particles, beginning with stones and gravels, then sands, then silts, 
and finally clays. In terms of mean diameters, this covers approximately four orders of 
magnitude, from centimetres down to microns. As an illustration we may take seme 
passages from the mid-rgth-century local gazetteer for ‘leng-chhuan department 
BIN, which lay at the northern end of the Erh-hai lake 334 in Ytinnan. They 
describe the works undertaken each year on the Mi-chü River y # 7]^* In late 
imperial times this river was seen as a lesser counterpart of the Yellow River, as it 
carried so much sediment that the first part of its lower course below the Phu-tho 
Gorge $ feu, on the department border, ran (and still runs) in dykes above the level 
of the rooftops of the houses alongside it, and its debouchment into the Frh-hai 
has recently built up an extended lacustrine delta. The passage shows not only the 
good general understanding of fluvial geomorphology, but even a rough notion of 
cross-channel helical flow at bends. After a description of the way in which the river, 
as its speed decreased, steadily dropped its sediment load in order of decreasing size, 
it concluded: 


52 Vermeer (1987). 53 Elvin & Su (1998), pp- 401-5- 34 Teng-chhuan Chou Chih (1854/5), pp. 79-80. 
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@ne can test this point when the water is dried up in the spring and winter. If one looks 
at the river bed it consists of large stones squatting in the upper reaches and fragmented 
stones arranged in graded order in the sections that follow. ‘The accumulated sediments and 
piled up pebbles are in continuous succession, subdivided ever more finely. 


Though not ‘modern’, in the sense of not being precisely quantified or based on 
systematic mensuration, the sharpness of perception in these hydrological and hy- 
draulic observations is impressive. What is especially interesting, though, is that they 
were put to practical use. 

In the later 18th and the early 19th centuries, on the west side of the upper Mi-chit 
River just above the Phu-tho Gorge, large amounts of sediments were intermittently 
washed off the mountain slopes by the wet-season rains, once these slopes had begun 
to be cleared for farming in the 18th century. They came down a large and normally 
dry valley called the Pai-han Aj¥ into the river gorge where they choked it, causing 
back-Hooding of farmland and houses. ‘The solution developed was to divert the flash 
floods, with their heavy loads of stones and gravels, along an extended and almost 
level deposition surface, walled off from the direct course inte the river by what was 
called ‘a dry cross-dyke’. As the current slowed, the heavier sediments were dropped 
on this surface, and the next heaviest then further filtered by a low barrier planted 
with trees. Only after this was the water, now carrying only a suspension of fine 
sediment, redirected into the river. This was informed and deliberate engineering. 
The elevated causeway that has been built up by years of repeated spate-season 
depositions is today of massive size, and the deposited large-diameter sediments are 
quarried by the locals in the dry period for gravel. What is interesting about it is the 
successful application in practice of a hydraulic principle derived from careful local 
observation. 

It is my impression that a large quantity of historical material of this sort remains 
as yet little explored in local gazettecrs and analogous works. Apart from hydraulics, 
some of the topics that might repay investigation are botanical and zoological ob- 
servations, and attempts to explain unusual local phenomena. An example of this 
last, from the 13th century, is Chu Chung-\Yu’s 4% construction of a flume as 
an experimental model in which he tried to reproduce the tidal bore in his native 
Hang-chou Bay.’ At best he seems to have confused a hydraulic jump, which may 
have been what he produced (or at worst just turbulence due to a rough surface), with 
the bore eftect, which is a hydrological analogue to a sonic boom; but the idea and 
his description of it are worth noting. ‘The style of scientific thinking that Crombie 
labelled ‘hypothetical modelling’ had a real, if tenuous, place in medieval Chinese 
culture. 

The third is the hazier topic of the changing mindset of the élite. Hazy but impor- 
tant. There are prema facie grounds, for example, for suspecting that the late imperial 


53 See Elvin & Su (1988), pp. 369-70. 
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age saw a ‘disenchantment of the world,°® that is, a trend towards sceing fewer 
dragons and miracles, not unlike the disenchantment that began to spread across 
the Europe of the Enlightenment — but without an accelerating science either as a 
cause or a consequence. The same phenomenon of a weaker but not non-existent 
Chinese parallel with Europe can be found in the domain of fashion. It used to be 
thought that the intensifying passion for continual change in early modern Europe, 
visible not only in shifting styles of personal clothing but in most of the arts, had no 
Chinese parallel. This, too, has been found to be too extreme a contrast. Fashion 
in women’s clothes, known as shih feng + JA ‘trends of the times’, was a feature of 
Shanghai, for example, in the later 17th century.” The analytical issue here, too, is 
dissolving into a question of different degrees, and be :oming correspondingly hard to 
handle satisfactorily. 


‘THe PRESENT VOLUME 


Needham never solved the “Needham Problem’. Nor has anyone else to date, at least 
in any fashion that commands general acceptance. In part this is because it coexists 
in an ambiguous relationship with a counterpart, which may be called for conve- 
nience the “Weber Problem’: why did China not create its own endogenous indus- 
trial capitalism??? ‘The two questions are evidently interrelated, but the conceptual 
frameworks with which specialists approach them are usually significantly dilter- 
ent. Even the most polymathic and penctrating in one of these worlds of thought 

and Needham was certainly among the most deservingly celebrated of this number — 
tend to use oversimplified or somewhat dated ideas from the other world. Perhaps 
Needham’s most favoured magic variable for explaining the relative acceleration of 
science in early modern Europe was ‘the rise of the bourgeoisie’, but recent work 
on this area by economic and political historians has made this concept ever more 
elusive.” One could even argue — polemically, but to make a point — that one of 
the many factors that distinguished early modern western Europe from late imperial 
China was precisely the perduring in Europe of a relatively independent aristocracy. 


Just as one could also argue — equally polemically, but likewise to make a point 


that the Roman Catholic Church has long outlasted any comparably identifiable 
Chinese institution, and was no less capable of mobilising talent from the lower lev- 
els of society than the mandarinate. Changeless Europe? — No, hardly, but we accept 
the old clichés too easily. 


°6 Max Weber’s Entzäuberung. | first noticed this when I found that the miracles associated with the fidelity of 
widows, whose brief biographies are recorded inimmense numbers in local gazeteers, declined precipitously from 
the Ming to the Chhing. Sce Elvin (1996). chapter 10. 

>” Elvin (1999), pp. (32-3. *® Sce Elvin (198.4) and (1988). 

59 Summarised at various points in Goldstone {1991}. A more subte variant of Needham’s position may be 
found in Billeter (2000), p. 18: ‘Ce dont les savants n`ont pas conscience, cest que la raison abstraite qu'ils manient 
avec tant de succès résulte de Fapplication au mouele physique d'une forme d’abstraction qui a son origine dans 
la relation marchande ct qui cntretient avec elle un indissoluble licen’. 
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Conversely, Ken Pomeranz’s challenging work The Great Divergence. China, Europe, 
and the Making of the Medern World Ecenemy®” bypasses science as an area deserving of 
attention.”! Effecting an organic conjunction of the two discourses is difficult, and a 
task, still, for the future. 

Most of the chapters of the present volume record one or another of Needham’s 
approaches to the ‘Needham Problem’, and they were originally formulated at a 
time when hardly anyone clse in the world was aware of the problem, let alone 
wrestling with attempted solutions. It is difficult to be one step ahead of the game, 
and dauntingly so to be two steps ahead, as he was for a number of years. ‘Vhey 
remain, without exaggeration, a heroic legacy, and are still capable of inspiring. This 
is why they are printed here, even if at moments — to speak honestly — they can 
also now seeni naive or infuriating. I doubt, for example, if many serious economic 
historians of China would today see the economy of the Sung and later times as 
having been, in the majority of the centuries that followed, seriously undermonetised. 
Needham was supremely sensitive to the issue of the later near-standstil! raised by 
China’s achievementsin technology and the sciences up to about 1600, but was much 
less sensitive than he perhaps should have been to the parallel economic aspect of 
the problem: that China was in many ways economically up with or even ahead of 
Europe for quite some time after this — as correctly stressed by Pomeranz, among 
others. 

The problem is thus harder than Needham thought, and probably than most of 
us like to think even now. It requires not only the organic joining of the history 
of science and technology with the history of the economy and society referred to 
above, but also abandoning the ever-tempting and easily acquired habit of attribut- 
mg virtually unchanging cultural characteristics to China and Europe as the key to 
discriminating between them over the long run. This erroneous habit of thought 
amounts to implying that because ‘China’ was ‘this’, and Europe’ was ‘that’, in all 
but perpetuity, everything else followed — in other terms, relying on some version of 
Weber’s ideal types. What is, fer contra, needed is a history focused on changing con- 
junctures.” since the minimum required, as Needham himself came to emphasise, 
is the explanation of — seen from the Chinese side — a relative advance followed by 
a relative retardation; and this, so easy to specify in the abstract, is hard to deliver 
convincingly in practice. 

What Science and Civilisation in China still has to effect — and why it is still so vital — is 
the creation of an awareness in every historian of science that no new idea about the 
origins of modern science in western Europe should have dred de cité until it has been 
tested against the Chinese case to see if it effects a discrimination that is both precise 
and relevant. William Eamon’s wonderfully rich Science and the Secrets of Nature is a 
good example.°? The argument is too complex for summary here, but he suggests 
two points, which he relates directly to the genesis of modern science, that can be 


® Pomeranz (2000), ©! See my reviewin the China Quarterly (Sept. 2001). 


52 See Elvin (1984), especially p. 103. °3 [amon (1994). 








xlii VALE ATQUE AVE 


taken on thcir own without serious injustice. The first isthat the conception of nature 
as a repository of decipherable secrets, derived from a strand of Islamic tradition, was 
a powerful stimulus to late medieval experimental science in the West, most notably 
for Roger Bacon in the 13th century. The second derives from his exploration of the 
early modern ‘vulgarisation’ (in its good sense) that led to ‘a barrage of how-to-do-it 
manuals’, the ‘ “disenchantment” of technology’, and ‘a mediation between [élite] 
natural philosophy and the people’s immediate . .. empirical experience of nature’ .°* 
It seems likely that Chinese alchemy, older than its Western counterpart, can broadly 
match the first, and that the approximately millennial tradition of Chinese printed 
how-to-do-it books on farming and crafts, though probably not so easily accessible 
to the only modestly literate, offers at least a partial parallel to the second. Thus the 
effect zn a context was probably what was crucial — and most awaits definition. 

Most tantalising, though, is the refinement Eamon implicitly gives to Needham’s 
famous summing up, namely that in premodern China science and technology 
reached the level of da Vinci but not of Galileo. His research has brought out of 
the shadows the late 16th-century European concern with ‘natural magic’, and es- 
pecially that of Della Porta who wrote the best-known contemporary book on the 
subject.®? This, however, had much in common with the tastes of at least some im- 
portant Chinese intellectuals at the same time. In the thousand or so pages of Hsieh 
Chao-Che’s Fivefold Miscellany, published in 1608,°° one finds an analogous mixture 
ofrational analysis and breathtaking fantasy, a similar obsession with the marvellous 
and exceptional, the same interweaving of grand metaphysics with bizarre trivia, an 
identical relish in explaining or unmasking technical trickery (including the alleged 
role of demons), and a parallel alternation of sound observation ancl testing in prac- 
tice with the blithe acceptance of the unverified and unverifiable.” When Eamon 
says that ‘Della Porta’s “empiricism” was not some proto-Baconian inductivism, but 
history and literature verified by experience’,°® he unknowingly encapsulates Hsieh’s 
thinking with equal accuracy. Differences there were, too. Of these the most impor- 
tant and least remarked upon may have been the stronger European sense that all 
of this ‘mattered’. But how the flower of scicnce grew from one heap of intellectual 
compost and not from the other needs more discriminating analysis than Eamon (or 
anyone yet) offers. This is symbolised by the delicate but critical shift-around in 1611 
onthe part of the still youthful Accademia dei Lincei ‘away from its esotericism and 
its preoccupation with natural secrets’.°? This was caused in the immediate sense, as 
he recounts, by the replacement of the dominantinfluence of its fifth member to join 
by that of its sixth. The magus, Della Porta, was the fifth member, and the sixth one 
of the first scientists conventionally accepted as ‘modern’ — a certain Galileo Galilei. 
Thus the Chinese case shows up, as perhaps nothing else can, how our subject lives 
on a knife-edge. 


St Ibid., pp. 113 and 105. 65 See ibid. chapter 6, “Natural Magic and the Secrets of Nature’. 
66 fiu Tsa Tu HIA [or AJ, by Hsieh Chao-Che #4. Reprinted by Hsin Hsing Shu Chii, Taipei, 1971, 
2 vols. 


87 Elvin (1993-4). 


68 


Eamon (1984), p. 216. © Ibid, p.231. 
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A final point: I have written ‘Needham’ at most places in this introduction, aware 
that on many occasions, it should have been at the very least ‘Needham eż al? Joseph 
hada remarkable core band of collaborators. They ranged from the Chinese students 
who first sparked his interest in Chinese science, one of whom was Lu Gwei-Djen, the 
biologist, and the most important of them all over the long run, through Wang Ling, 
who laid the sinological foundations, and Nathan Sivin, who gave new dimensions to 
the discourse, down to Kenneth Robinson, whose contribution figures prominently 
in the present volume, as well as those who have continued to care for his legacy 
at the Needham Research Institute. Outstanding among these are Ho Peng-Yoke, 
both a major contributor in his own right and the former Director, who has long 
piloted the ship through difficult times, and Christopher Cullen, the former Deputy 
Director and now Director, and an expert in the history of Chinese cosmography 
and mathematics. Specific tribute should also be paid to Sir Brian Pippard FRS, 
who for a time chaired the executive committee, and to Sir Geoffrey Lloyd, who 
served as chair of the Board of Trustees. There have been many, many others, who 
I hope will forgive my not mentioning them individually here, especially those who 
authored some of the later individual volumes. All of them are scholars who are — 
or, for those no longer with us, were — distinguished in their own right. Perhaps the 
greatest tribute of all to the compelling power of Needham’s vision is that people 
of such quality have felt honoured and enriched to spend a substantial part of their 
creative lives as part of the collective enterprise he created. 


Mark Elvin 











FOREWORD 


When ‘Science and Civilisation in China’ was first conceived, we thought of it as a 
single slim volume. When in 1948 I sat down with my first chief collaborator, Wang 
Ling £$ (Wang Ching-Ning F44 ¥), to work out the general scope of the book, 
we made a rapid survey of the spectrum of the sciences, and decided that the work 
should have seven volumes. What could not be predicted was the relative vastness 
of the material which we would find as we went on in the various sections. The 
later volumes had therefore to appear in parts, each of which was a physical volume 
in itself. Such is the situation in which we were compelled to acquiesce as the work 
went on; and here great praise is due to Cambridge University Press, which has never 
erudged space to the revelation of the wonderful achievements of ancient Chinese 
science, technology, agriculture and medicine. 

It will certainly not have escaped the perspicacity of our readers that as time has 
gone by, the whole work has become more and more of a co-operative enterprise. 
About 1970 Lu Gwei-D jen & 4 # and I took a weighty decision. We could have gone 
on pegging away single-handed, as it were, in which case the series would never have 
come within sight of completion in our lifetime; or we could take to ourselves suitable 
collaborators and entrust them with sections, sub-sections, or even whole volumes. 
We decided on the latter course, and in due time this policy bore wonderful fruit. 
Francesca Bray led off with her history ofagriculture (vol. 6, pt. 2)in 1984, then came 
Chhien Tshun-Hstin #2 # | (Isien Tsuen-Hsuin) with that of paper and printing 
(vol. 5, pt. 1) in 1985 and more recently in 1988 Dieter Kuhn has produced the first 
volume on the history of textile technology, spinning and reelingoftexule fibres (vol. 5, 
pt. 9).! More and more team-work has thus been put in, Chinese and Westerners 
have alike contributed, more and more have specialist friends come to be relied upon. 
We now have about thirty collaborators scattered all over the world. And this is only 
natural and reasonable for, as I have often said, no one individual could summon up 
all the skills necessary for placing the whole development of all the sciences in their 
correct historical perspective, both in China and the rest of the world. It might be 
true to say that my own role has risen from that of a single historian of science to 
the conductor of a kind of orchestra. I can only hope that the resulting music will be 
found both delightful and fitting. 

Volume 7 has for its theme ‘the social and economic background’ of Chinese 
science and technology, considered always for its relevance to the grand question 
which has partly inspired the whole work —why modern science originated in Europe 





' Since this was written the following volumes have also been published: SCC. wol. 5, pt. 6, Military Techuology. 
Missiles and Sieges, by Robin Yales (1994); SCC, vol. 6. pt. 3. Agro-Industries and Forestry, by Joseph Needham (1996); 
SCC. vel. 7, pt. 1, Language and Logie, by Christoph Harbsmeier (1998); SCC, vol. 5. pt. 13, Mining, by Peter J. Golas 
(1999); SSC, vol. 6, pt. 5. Lermentations and Food Science. by H. T. Huang (2000); SSC, vol. 6, pt. 6, Medicine, by Joseph 
Needham (2000). 
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alone. The social and economic factors considered in Volume 7 differ from the 
subject-matter of the preceding Volumes 3 to 6 in the way that they must be treated. 
Volumes 3 to 6 were all concerned with the various sciences and technologies. Sci- 
ences and technologies could be described; social and economic factors must be 
interpreted. As we pass from the history of science proper to its social and economic 
background, the discussion necessarily becomes more complex than ever. I realise 
very well that there must be differences of opinion, particularly as Time does not 
stand still. I am content to put before the reader my views as they remain today. 

Volume 7, part 1, which has been written by Christoph Harbsmeier, is entirely 
concerned with language and logical thought, certainly one of the factors most 
powerfully influencing the development of scientific thinking. 

‘Literary Chinese as a Language for Science’ by Kenneth Robinson,” to which I 
added my two pennyworth, had at one time been planned as the sequel to it, and was 
closely integrated with it, but is now in abbreviated form included in this volume. 
The close relationship between mathematics, science, logic and language hardly 
needs to be stressed. But it then became necessary, for reasons of size, to present it 
as part of the present volume. It is preceded by threc articles written by me some 
considerable time ago, revised in recent years, and also by “The Nature of Chinese 
Society: A Technical Interpretation’, written by myold friend Huang Jen-Yii Rice, 
(Ray Huang). His modesty led him to attribute to me far more authorship than I can 
reasonably claim, and I have therefore insisted that his name should be given pride 
of place. 

We are, however, most concerned in Volume 7 with the great question of why 
modern science did not arise in China after so many centuries of technical leadership, 
and, closely connected with this, why it was that modern capitalism did not develop 
in China. I had hoped at one time to cover a wide array of social factors which might 
have thrown light on this question, but there are limits to what one man can achieve. 
Let me now, therefore, confine myself to what I believe to be the most important: 
the collapse of feudalism in Europe, and the rise of the bourgeoisie. This requires us 
first to consider the nature of ‘feudalism’. 

I first began to use the term “bureaucratic feudalism’ in 1943 or thereabouts, when 
I was in China during the Second World War. I never felt irrevocably bound to the 
concept, but simply found it a useful description. Others decline to make use of the 
term or the concept, perhaps preferring just ‘bureaucratism’ — but this is an example 
of the differences of opinion which have to be expected in these fields. Of course, 
in those days ‘feudal’ was a pejorative word applied to all the social and economic 
features of imperial China; yet the term has always had meaning and significance 
for me. It stood over against the ‘military-aristocratic’ feudalism of Europe, that 
system where the king was always at the apex of a pyramid of nobles of different 
grades, each of whom by their tenure of ‘fiefdoms’, was bound to come to the aid 


? Sce also Comparative Criticism 13: Literature and Science, ed. E. S. Shaffer (Cambridge University Press, Cambridge. 
1991), pp- 3-30. 
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of the king, when he wanted to make war, with so many mounted knights, so many 
archers, so many foot soldiers, etc. ‘Vhis system may have seemed to be stronger, 
with all those knights in armour clanking about, but was actually weaker, perhaps 
because less rational. The heir to an earldom might be a moron, but yet by the rule 
of primogeniture, he would have to be next in succession — a very different situation 
from that of the Chinese bureaucrat, chosen by imperial examination and equipped 
with special expertise acquired in the job. In China individuals in each generation 
had to justify their promotion by their own efforts. Downward mobility for the heirs 
and successors of great men could only be counteracted by great effort. hus the 
‘carriére ouverte aux talents’ had been a Chinese principle for some 2,000 years 
before it became a French one. 

Out of this unlikely military-aristocratic European milieu modern natural science 
could and did arise. When the merchants began to come out of their city-states in 
the 16th century, and capitalism arose, first mercantile and then industrial, modern 
natural science arose with it, in the time of Galileo and Torricelli. This was the ‘rise of 
the bourgeoisie’, and though other factors were involved too, such as the Protestant 
Reformation, it was this above all which happened in Europe, and in Europe alone.’ 
The point of view which has been adopted throughout these volumes is that modern 
science was that form of science at which the ancient and medieval sciences of all the 
countries of the world were aiming,’ but Europe alone was able to get there. Here 
the background of Greek logic and mathesis universatis was also important. 

A good deal of work remains to be done on the exact nature of the tie-up between 
modern science and nascent capitalism. I have always pictured it as beginning with 
the exact specification of materials. If a merchant in the Renaissance period pur- 
chased a large quantity of oil from a Greek island he would need to know not only 
what its normal use was, but what it could also conceivably be used for; he would 
want to know its surface tension, its specific gravity, its refractive index, indeed all 
its properties, before he could decide who to sell it to. This would have been in the 
time of mercantile capitalism; in industrial capitalism there is less difficulty in imag- 
ining how intimately connected with it were science and technology. ‘Whe accurate 
description of materials would have generated accuracy everywhere else, even in 
subjects like astronomy where there was no possibility of experimentation. And with 
exactness came the possibility of mathematisation. 

Modern science has been defined elsewhere? as the mathematisation of hypothe- 
ses about Nature, and the testing of them rigorously by persistent experimentation. 
Experiment was something rather new; the Greeks had done relatively little of it, 
and although the Chinese had been well acquainted with it, their purposes were 


3 Since this was written Needham came to appreciate the work of Immanucl Wallerstein on “Ihe Four Collapses’. 
See ‘Conclusion’, p. xx. [Ed.] 

+ We have adopted the metaphor of the medieval sciences of the dillerent civilisations being like rivers emptying 
into the great ocean of Modern (originally Western) Science. This has becn regarded in some quarters as a Western 
Imperialist notion. See however ‘Do the Rivers Pay Court to the Sca? The Unity of Science in East and West’, 
Theoria to Theory, 5 (2) (1971), 68-77- 

> SCC, vol. 3, pp. 150 I. 
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primarily practical. Only the European Renaissance found out how to test mathe- 
matised hypotheses about Nature by relentless experimentation, and so to ‘discover 
the best method of discovery’. But I hope that no one will interpret all this as mean- 
ing that I think that modern science, which grew up with capitalism, must always 
remain wedded to it. Events in our own time have shown that the socialist countries, 
notably Russia and modern China, are perfectly capable of doing successful modern 
science. 

Ofcourse military-aristocratic feudalism existed in other parts of the world besides 
Europe. I remember thinking when in Japan in 1986 how strange it was that modern 
science had not originated there as well. But then I reflected that the Japanese had 
not had the tradition of the Greck city-state, which was so important for Europe. 
Athens gave rise, when the Renaissance came, to Venice and Genoa, to Pisa and 
Florence, and these in their turn to Rotterdam and Amsterdam, the cities of the 
Hanseatic League and finally London. In these cities, protected by their Lord Mayor 
or Burgomaster and their Aldermen, the merchants could shelter from interference 
by the feudal nobility of the surrounding countryside, until the day when they should 
come forth, and, after lending money to kings, princes and nobles, run the whole 
show. 

It is worthwhile taking a look at the idea of the town or city in China compared with 
Europe. In China the town was simply a node in the administrative network, held for 
the emperor by the civil governor, and (several bureaucratic ranks lower down) by the 
military commander. It was the centre of the network of outlying villages, the people 
of which came in to market in the city. Compare with this the well-known picture 
by Rembrandt of “The Militia Company of Captain Frans Banning Cocq’ (Fig. 1), a 
group of finely dressed citizens gathered with their weapons and immensely proud 
of the city they were pledged to defend. Cities in Europe were really states within 
states, ready in the course of time to provide governments as alternatives (however 
much it might be glossed over in practice) to the medieval feudal-style governments 
which had preceded them. 

China may have been the prime example of ‘bureaucratic feudalism’, but all the 
other non-European parts of the world such as India, the South-East Asian countries 
and the whole Arab world may be said to have participated in it to some extent. 

It was as if all the intermediate feudal lords had been abolished in China, leav- 
ing only the emperor himself, ruling ‘all under heaven’ by the aid of an immense 
bureaucracy, the like of which was never dreamed of by the feudal sovereigns of 
Europe. 

If anyone does not like the expression ‘bureaucratic feudalism’ they might like to 
settle for ‘nosphimeric bureaucratism’. Nosphimeric was a word which | invented 
during the war years. While on my perpetual travels I often encountered Bishop 
Ronald Hall of Hong Kong, visiting one of his outlying Anglican congregations, and 
one day we had a chance meeting at Annan & H in Kweichow. Talking about various 
things at dinner, I happened to mention to him that I needed a non-pejorative word 
for that squeeze, graft and corruption which has always been so characteristic of the 
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ligure 1. The Militia Company of Captam Frans Banning Cocq, known as ‘The Night Watel’ by Rembrandt. 
1542, Rijksrnuseurn, Amsterdam. 


bureaucracy in China, and which had loomed so large in the eyes of the modern 
Western business men who tried to buy and sell there.® Both our trucks were being 
repaired that night and his was finished earlier, so he set off first, but not before 
leaving me a bit of paper on which was written: ‘see Acts 5:1-11. When I got to the 
Bible, I found it was the story of Ananias and Sapphira, who had promised a sum of 
money to the church, but then kept back a portion of it, and accordingly died, blasted 
by St Peter. Now the word used in the Greek New ‘Testament for ‘to sequestrate’ is 
nosphizein, and since mcros means a part, we can form just the adjective required. 

One can have little idea of how amazing it is for the Westerner trying to understand 
China to find how deeply the civil service, the mandarinate, the bureaucracy, in fact, 
is embedded in Chinese life. It is even in the folklore, for example the giving of 
bureaucratic titles to dragons, nagas, gods and spirits by conferring civil ranks upon 


ë Needham (1g6gb), pp. 37 A 
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them.’ Bureaucratic feeling is everywhere. Even in the war years when I went to 
country places in China, I saw the inscription on red paper on the Walls: ‘May the 
heavenly officials grant peace and plenty!’ We do not have this in the West. We 
have never had such a civil service. On another occasion (in 1944) I was sitting in a 
Szechuanese teahouse with Sir Frank Eggleston, the Australian Ambassador. Seeing 
the common drain running down the middle of the village street, he exclaimed how 
medieval everything was, and said, “You could almost expect to see a knight and 
men-at-arms come riding by’. I replied yes, indeed, but pointed out that it wouldn’t 
have been a knight, but rather a civilian official, and the men-at-arms would have 
been represented by unarmed servitors carrying his tides and dignities on placards. 
It did not mean that the ultimate sanction was not force, as it has been in all human 
socicties — but it was much better concealed by the Chinese bureaucracy. 

In a word, if Chinese science, technology and medicine is to be understood, it must 
be related to the characteristics of Chinese civilisation. This is the point of Volume 7. 
Elsewhere we have explained how the bureaucratic ethos began by powerfully aiding 
Chinese science, while only in the later stages did it inhibit any move towards modern 
science. Such, at any rate, is our interpretation of the comparative developments in 
China and Europe.” 

This brings up the question of where the cut-off point has been for Chinese 
traditional science, before the advent of miodern science frem the West, in all the 
preceding volumes. Generally we have sought to make it in the neighbourhood of 
1700, about the time of the ending of the Jesuit mission; but we have often had 
occasion to go beyond it, and many instances present themselves. For example, the 
dinner-party at which the Khang-Hsi Emperor talked about the antiquity of the 
knowledge of gunpowder in China, in the presence of the Scottish physician John 

7 A few examples will suffice te illustrate this phenemenen. They are taken from the Hsi Tie Chi BBE (Journey 
lo the West) which draws on the resources of folklore and reficets its conventions. Chapters 10 and 11 ef this nevel 
depict the watery werid ef the Bragen King ef the Ching River, which is staffed by ‘a yaksa [peh chha XX or demon] 
on patrol, the shrimp and crab ministers, the samli [si 4 er shad] ceunsellor, the perch Subdirector of the Minor 
Court, and the carp President ef the Board of Civil Office’. When the Thang Emperor descends te the underwerld 
he finds a bureaucracy that mirrors his own, complete with Judge of the Underworld, King of the First Chamber, 
the Grand Marshall, demen messengers and soldiers, Guards of the Bridges, the Three Tribunes fer trying and 
reviewing cases, and King Yama himself. (Anthony Yu, Journey te the West, vol. 1, pp. 221-2, 235-45. University ef 
Chicage Press, Chicage, 1977.) [Ed.] 

è Bureaucratic feudalism’s initially faveurable influence on science can be illustrated bythe remarkable examples 
of erganised field research that were undertaken under imperial auspices in the +8th century. These included a 
meridian survey directed by the Buddhist monk I-Hsing —47 and the Astronemer Reyal Nan-Kung Yüch @ Zi 
in +724—725, and at about the same time an expedition te the East Indics fer the purpese ef surveying the 
constcllauions of the Seuthern Hemisphere. See SCC, vel. 3, pp. 20:2-3, 292 fl; Needham, Beer, Ho, et al. (1964): 
and Needham (1986), p. 7. Hewever, bureaucratic feudalism played an inhibiting role later on. Between +1405 
and +1433 the eunuch admiral Cheng He #84? ted a remarkable serics ef seven maritime expeditions with a fleet 
of sixty-three eccan-geing junks that explered the seuth scas, cellecting infermatien en geegraphy and sca routes, 
and bringing back produce, exetic animals, and luxury geecis frem the isles and from India, net te mentien tribute 
from states as far west as the Persian Gulf. These expeditiens enceuraged advances in navigatienal technelogy, and 
increased China’s knewledge ef the eutside world. However, the Confucian bureaucracy, which was never in faveur 
ef these expeditiens, teek advantage of a financial crisis and an ever-stretched budget to call for their termination, 
arguing that they drained the treasury unnecessarily and that there was nothing China needed or wanted frem 
fercign ceuntries. Their objectien was also most likely duc in part to the traditional epposition between Confucian 


bureaucrats and pewer-hunery eunuchs. At any rate, the expeditiens were stopped, thus putting an end te the 
greatest age of maritime exploratien in Chinese histery. Sce SCC, vol. 1, pp. 143-4, and SCC, vol. 4, pp. 524-5. 
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Bell of Antermony, took place in 1721 (SCC, vol. 5, pt. 7, p. 127). And in Volume 5, 
part 3, we recognised that ifone was going to talk aboutthe entry ofmodern inorganic 
and organic chemistry into China, one would have to come down to the closing years 
of the r9th century. Finally, in Lu & Needham (1980), pp. 118 ff., when discussing the 
development of acupuncture, it was clear that the cardinal discovery of acupuncture 
analgesia, permitting major surgery to be performed, was only made in the 1950s. 

In writing this Foreword to the concluding part of Volume 7 I must not anticipate 
what I have to say in my ‘Conclusion’. We have produced sixteen volumes while | 
have been ‘on the bridge’, and I am sure that our ship will arrive safely in port in the 
fullness of time, with another thirteen or fourteen volumes in the hold. 

I am confident that none of these volumes, many of which I have seen in typescript, 
or have discussed with the authors, would cause me to change my views on the growth 
of science in China, or to come to general conclusions different from those which I 
have here elaborated. 

‘This brings us to the moment for expressions of indebtedness. First, to the many 
authors who have joined me in the enterprise, and whose work has appeared in Science 
and Civilisation in China, and then to those firm friends and scholars of good will? whose 
writing could not be included in the published volumes, but who nevertheless did not 
allow disappointment to cloud our friendship. Nor can | overlook the part played by 
those who helped so greatly in the production of the volumes — Wang Ling, Lu Gwei- 
Djen, Gregory Blue (for many years my personal assistant, a constant helper and 
warm friend), Kenneth Robinson, Christopher Cullen and many others, librarians, 
secretaries, among whom f must place Diana Brodie, my private secretary for many 
years, gardeners, administrators, trustees and above all our friends of Cambridge 
University Press whose support has been unremitting since the project began, and 
whose names are recorded in note 9. 


° When the Fereword was first drafted I wrote of my incalculable debtto Lu Gwei-B jen who shortly afterwards 
became my wife. Together we had conceived of the ‘Science and Civilisation in China’ project more than fifty 
years before. This was before I set out for China, during the Second World War, and she departed for America for 
the duration (as we used to say). Her death in 1991 became our incalculable loss. 

We are most grateful to the following who have read and commented on distinct portions: Martin Bernal 
(Cornell), Francesca Bray (UCLA), Peter Burke (Cambridge), Timothy Check (Colorado College), Paul Connerton 
(Cambridge), Helen Dunstan (Bard College), Nathan Sivin (University of Pennsylvania), Chris Wickham (University 
of Manchester), R. Bin Wong (University of California, Irvine). It is also appropriate here to thank all of my earlier 
collaborators on the ‘Science and Civilisation in China’ project since there was hardly a conversation with any of 
them over the past decades that did not have some bearing on the questions we are dealing within Volume 7, and 
express our thanks first to all those authors who have contributed parts or whole volumes to the series: Wang Ling, 
Kenneth Robinson, Lu Gwei-Djen, ‘Isien Tsuen-Hsuin, Ho Ping-Yü, Nathan Sivin, Robin D. S. Yates, Krzysztof 
Gawhkowski, Bieter Kuhn, Huang Hsing-Tsung, Francesca Bray, Christian Daniels, Nicholas Menzies, Christoph 
Harbsmeier, Janus Chmiclewski, Peter J. Golas, Huang Jen-Yt. 

Nor must we emit to mention those who made a contribution toa volume which could not ultimately be included, 
duc to the reshaping of the serics. Among these must be included Derk Bodde, Immanuel! Wallerstein. ‘Fimothy 
Brook, Gregory Blue, Christopher Cullen, Lawrence Krader, Marianne Bastid. G. L. Hicks. S. G. Redding. 

For the support of our research and writing, we must mention the National Science Foundation (USA), the 
Mellon and the Luce foundations, and the National Institute for Rescarch Advancement (Japan). Without their 
continued support. our work would have been impossible. Most of their help was mediated through our New York 
‘Trust (Chairman, Mr John Biebold); and this is also deserving of our warmest thanks for obtaining from the Kresge 
foundation a grant of US$150,00e towards the building of the South Wing of our Institute. 
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I cannot close this Foreword without also expressing the most sincere appreciation 
for all those who made possible the planning, design and construction of the building 
in which we work, and in particular its architect Christoph Grillet. It will, I trust, be 
a green island of quietness in the City of Cambridge for many years to come. 


Joseph Needham 1995 
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la SCIENCE AND SOCIETY IN EAST AND WEST! 
JeserpH NEEDHAM 


When I first formed the idea, about 1938, of writing a systematic, objective and 
authoritative treatise on the history of science, scientific thought, technology and 
medicine in the Chinese culture-area, I regarded the essential problem as that of why 
modern science” had not developed in Chinese civilisation (or Indian or Islamic) but 
only in that of Europe. Nevertheless, as they say in sunny France, ‘Attention! Un train 
peut cacher un autre! As the years went by, and as I began to find out something 
at last about Chinese science and society, I came to realise that there is a second 
question at least equally important, namely, why, between the -1st century and the 
15th century, was Chinese civilisation much more efficient than occidental in gaining 
natural knowledge and in applying it to practical human needs? 

The answer to all such questions lies, I now believe, primarily in the social, intellec- 
tual and economic structures of the different civilisations. ‘The comparison between 
China and Europe is particularly instructive, almost a bench-test experiment one 
might say, because the complicating factor of climatic conditions does not enter in. 
Broadly speaking, the range of climate in the Chinese culture-area is not unlike 
that in Europe. It is therefore not possible for anyone to say of China (as has been 
maintained in the Indian case) that the environment of an exceptionally hot climate 
inhibited the rise of modern natural science.’ Although the natural, geographical 
and climatic settings of the different civilisations undoubtedly played a part in the 
development of their specific characteristics, I am in any case not inclined to regard 
this suggestion as valid even for Indian culture. The point is that it cannot even 
be asserted of China. Nonetheless here again we see the enormous importance of 
geography in relation to the civilisations and the way they developed.* Europe, as 
I have often said, is hke an archipelago. There is the Baltic, the North Sea, the 
Irish Channel, the Mediterranean, the Aegean, the Black Sea and then the great 
Atlantic outside the Pillars of Hercules — all inviting maritime commerce and the 


l First published in the J. D. Bernal Presentation Volume (London, 1964), and then in Science and Society (1964), 
28. 385, and Centaurus (t964), 10. 174; collected in The Grand Titration (Allen & Unwin, London, 1969), and further 
revised fer publication herc. 

? If] were asked to define modern science, I would say that it was the combination of mathcmatised hypotheses 
about natural phenomena with relentless experimentation. On reflection, I am not sure that experimentation 
was not the greatest Chinese stimulus to European alchemy and so indirectly to the European Renaissance, for 
the Greeks did not experiment. but the Chinese did; otherwise they would never have madc their fundamental 
discoveries such as porcelain and the magnetic compass. 

3 Cf the writings of Huntington (1907), (1924) and especially (1945). + For which see Dorn (1991). 
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activities of sea-captains. In contrast to all this, China is a vast land-mass, well suited 
for the activities of peasant-farmers in their millions. It is hardly surprising that the 
civilisations turned out to be so different. 

From the beginning I was deeply sceptical of the validity of any of those ‘physical- 
anthropological’ or ‘racial-spiritual’ factors in explaining China’s development. 
Everything I have experienced during the fifty years since I first came into close 
personal contact with Chinese friends and colleagues, has only confirmed me in this 
scepticism. They proved to be entirely, as Andreas Corsalis wrote home in a letter to 
Lorenzo di Medici so many centuries ago, ‘di nostra qualita’. I believe that the vast 
historical differences between the cultures can be explained by sociological studies, 
and that some day they will be. The further I penetrate into the detailed history 
of the achievements of Chinese science and technology before the time when, like 
all other ethnic cultural rivers, they flowed into the ocean of modern science, the 
more convinced I become that the cause for the breakthrough (occurring only in 
Europe) was connected with the special social, intellectual and economic conditions 
prevailing there at the Renaissance, and can never be explained by any deficiencies 
either of the Chinese mind or of the Chinese intellectual and philosophical tradition. 
In many ways this tradition was much more congruent with modern science than 
was the world-outlook of Christendom. Such a point of view may or may not be a 
Marxist one — for me it is based on study and personal experience of life. 

For the purposes of the historian of science, therefore, we have to be on the watch 
for some essential differences between the aristocratic-military feudalism of Europe, 
out of the womb of which mercantile and then industrial capitalism, together with 
the Renaissance and the Reformation, could be born; and those other kinds of 
‘feudalism’ (if that was really what it was) which were characteristic of medieval Asia. 
From the point of view of the history of science we must have something at any rate 
sufficiently different from what existed in Europe to help us solve our problem. This 
is why l have never been sympathetic to that trend in Marxist thinking which has 
sought for a rigid and unitary formula of the stages of social development which all 
civilisations ‘must have passed through’. 

Primitive communalism, the earliest of these, isa concept which has evoked much 
debate. Though such a phase is commonly rejected by the majority of Western 
anthropologists and archaeologists (with, of course, some notable exceptions such 
as V. Gordon Childe), it has always seemed to me eminently sensible to conceive 
of a state of society before the differentiation of social classes, and in my studies of 
ancient Chinese society I have found it appearing through the mists clearly enough, 
time after time. Nor at the other end of the story is there any essential difficulty in 
the transition from feudalism to capitalism, though of course this was enormously 
complex in detail, and much has still to be worked out. In particular the exact 
connections between the social and economic changes and the rise of modern science, 
that is to say, the successful application of mathematical hypotheses to the systematic 


> On different aspects of feudalism see Wallerstein (1992). 
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experimental investigation of natural phenomena, remain elusive. All historians, no 
matter what their theoretical inclinations and prejudices, are necessarily constrained 
to admit that the rise of modern science occurred pari passu with the Renaissance, 
the Reformation and the rise of capitalism.® It is the intimate connections between 
the social and economic changes on the one hand and the success of the ‘new, or 
experimental’ science on the other which are the most difficult to pin down. A great 
deal can be said about this, for example the vitally important role of the ‘higher 
artisanate’ and its acceptance into the company of educated scholars at this time;’ 
but the present writing is not the place for it because we are in pursuit of something 
else. For us the essential point is that the development of modern science occurred 
in Europe and nowhere else. 

In comparing the position of Europe with China, one of the problems of interpre- 
tation we face is whether China ever passed through a ‘slave society’ analogous to 
that of classical Greece and Rome. The question is, of course, not merely whether the 
institution ofslavery existed — that is quite a different matter — but whether the society 
was ever based on it. According to my own experiences with Chinese archaeology 
and literature, for what they are worth, | am not very inclined to believe that Chinese 
society, even during the Shang and early Chou periods, was ever a slave-based soci- 
ety in the samc sense as the Mediterranean cultures with their slave-mannced galleys 
plying the Mediterranean and their /atifundia spread over the fields of Italy. Here 1 
diverge, with deep humility, from some contemporary Chinese scholars, who have 
been extremely impressed by the ‘single-track’ system of developmental stages of 
society prominent in Marxist thinking during the past seventy years. The subject is 
still under intensive debate and we cannot yet say that certainty has been achieved 
in any aspect of it. In the years 1956-7 at Cambridge we had a series of lectures on 
slavery in the different civilisations, in the course of which the participants all had 
to agrce that the actual forms of slavery were very different in Chinese society from 
anything known elsewhere.” Owing to the dominance of clan and family obligations 
it was rather doubtful whether anyone in that civilisation could have been called 
‘free’ in some of the Western senses, while on the other hand (contrary to what many 
believe) chattel-slavery was distinctly rare. ® The fact is that no one fully knows what 
was the status of servile and semi-servile groups in the different periods in China 
(and there were many different kinds of such groups): neither Western sinologists 


© The great stumbling-block here forthe intcrnalist school of historiography of science is the question of historical 
causation. Scenting cconomic determinism under every formulation, they insist that the scientific revolution, as 
primarily a revolution in scientific ideas, cannot have been ‘derivative from’ some other social movement such as the 
Reformation or the rise of capitalism. Perhaps for the moment we could settle for some such phrase as ‘indissolubly 
associated with . . ... The internalists always seem to me essentially Manichaean; they do not like to admit that 
scientists have bodies, eat and drink and live social lives among their fellow-men, whose practical problems cannot 
remain unknown to them; nor are the internalists willing to credit their scientific subjects with subconscious minds. 

7 This factor was much emphasised and claboratcd by the late Edgar Zilsel (see Bibliography C). Its importance 
has recently been recognised by the well-known medievalist, A. C. Crombie (1963). See also his (1961), p. 13- 

® See Wallerstein (1992) and Needham (196ga), p. 167. 

9 This symposium was organised and presided over by Professor E. G. Pulleyblank. 

10 See Pullcyblank (1958b). 
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nor even the Chinese scholars themselves.!! A great amount of research remains to 
be done, but I think it seems already clear that neither in the economic nor in the 
political field was chattel-slavery ever a basis for the whole of society in China in the 
same way as it was al some times in the West. 

Although the question of the slave basis of socicty has a certain importance in so far 
as it affects the position ofscience and technology among the Greeks and Romans, !* 
it is of course less germane to what was originally my central point of interest, 
namely the origin and development of modern science in the late Renaissance in 
the West. It could, however, have a very important bearing on the greater success 
of Chinese society in the application of the sciences of Nature to human benefit 
during the earlier period, the first fourteen centuries of the Christian era and four 
or five centuries prior to that. Is it not very striking and significant that China has 
nothing whatever to show comparable with the use of slaves on the /atifundia in 
agriculture or at sea in galleys in the Mediterranean? Sail, and a very refined use 
of it, was the universal method of propulsion of Chinese ships from ancient umes. 
China has few records of the mass use of the human motor comparable with the 
building methods of ancient Egypt, though the building of the Great Wall is an 
outstanding exception. Soalsoit is remarkable that we have never so far come across 
any important instance of the refusal of an invention in Chinese society due to fear 
of technological unemployment before the 19th century. !? If Chinese labour-power 
was so vast as most people imagine, it is not easy to see why this factor should not 
sometimes have come into play. We have numerous examples of labour-savingdevices 
introduced at early times in Chinese culture, very often much earlier than in Europe. 
A concrete case would be the wheelbarrow, not known in the West before the 13th 
century but common in China in the +3rd and arising there almost certainly two 
hundred years earlier than that. It may well be that just as the bureaucratic apparatus 
will explain the failure of modern science to arise spontaneously in Chinese culture, 
so also the absence of mass chattel-slavery may turn out to have been an important 
factor in the greater success of Chinese culture in fostering pure and applied science 
in the earlier centuries. 

The far greater problem that arises when we compare the histories of Europe 
and China, however, is how far and in what way did Chinese feudalism (if that is 
the proper term for it) differ from European feudalism. In my early days, when 
I was still a working biochemist, I was greatly influenced by Karl A. Wittfogel’s 


U At least we have heen able to show (vol. 4, p. 2. pp. 35 ff.) that servile or semti-servile rank was no barrier to 
official, if not very exalted, positions. ‘l'his was so in the case of Hsin-Tu Fang 4 43 (ff. +525) and Keng Hsiin 
Keg (Jl. +593). The former was in charge ofall the scientific apparatus at the Thopa court of Northern Wei and 
the latter rose to moderately high rank in the Bureau of Astronomy and Calendar under the Sui. 

'2 Itis always said that the Greeks and Romans were less interested in labour-saving devices than they might 
have been because there was always a large slave population around to carry out desired changes by muscle-power. 

'S With the mass introduction of Western technology in the 19th century, however, the situation was altered. 
J. Byer Ball’sarticlein Thangs Chinese(tgo4) on Railways’. for cxampic, quotes descriptions and sources iu the Chinese 
press from 18g1 to 1889 ol the resistance to the building of railways by the Chinese government. These articles 
were written from the point of view of the capitalist developer and do not stress Chinese fears of unemployment 
and foreign domination. 
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book, birtschaft und Gesellschaft Chinas, written when he was a more or less orthodox 
Marxist in pre-Hitler Germany.'* He was interested in developing the conception 
of ‘Asiatic bureaucratism’ or “bureaucratic feudalism’ as | found later on that some 
Chinese historians called it.!? This concept arose from the works of Marx and Engels 
themselves who had based it partly on, or derived it from, the observations of the 17th- 
century Frenchman François Bernier, physician to the Mogul emperor Aurangzeb 
in India.!® 

Marx and Engels spoke about the ‘Asiatic mode of production’. How exactly it 
could or should be defined has been the subject of animated discussions in recent 
decades.'’ Broadly speaking, it was the growth of a State apparatus fundamentally 
bureaucratic in character and operated by a non-hereditary élite upon the basis 
of a large number of relatively self-governing peasant communities, still retaining 
much tribal character and with little or no division of labour as between agriculture 
and industry. The form of exploitation here consisted essentially in the collection 
of taxes for the centralised State, i.e. the royal or imperial court and its regiments 
of bureaucratic officials. The justification of the State apparatus was, of course, 
twofold: on the one hand it organised the defence of the whole area (whether an 
ancient ‘feudal’ state or later the entire Chinese empire), and on the other hand it 
organised the construction and maintenance of public works. It is possible to say 
without fear of contradiction that throughout Chinese history the latter function 
was more important than the former, and this was one of the things that Wittfogel 
saw. The necessities of the country’s topography and agriculture imposed from the 
beginning a vast series of water-works!® directed to (a) the conservation of the great 
rivers, in flood-protection and the like, (b) the use of water for irrigation, especially 
for wet rice cultivation, and (c) the development of a far-flung canal system (Fig. 2), 
whereby the tax-gram could be brought to granary centres and to the capital. All 
this necessitated, besides tax exploitation, the organisation of corvée labour and one 
might say that the only duties of the self-governing peasant communities ws-d-vis the 


State apparatus were thc payment of tax and the provision of labour power for public 

4 I also learnt much from a golden little book by Hellmut Wilhelm, the son of the great sinologist Richard 
Wilhelm, Gesellschaji und Staat in China (1944). It is most unfortunate that this non-Marxist work has long been quite 
inaccessible, and that there has never been an English translation of it. My views on Feudalism in China may be 
found in Needham (196ga), pp. 167-8. 

© T think, looking back, that ] first fixed upon the phrase ‘bureaucratic feudalism’ during the years when I was 
in China (1942-6) during the Second Werld War. ‘Feudalism’ was then becoming a term of abuse for all previous 
societies but that did not deter me from using it. ] see now, however, that for such a term to pertain, you should 
have a lowest stratum of society which was bound to the land they tilled — the serfs — and if that was never the case 
in China, then the term should not be used. It might be better then, to say ‘feudal bureaucratism’. Elsewhere in 
this volume [ have given sufficient examples of what ‘bureaucratism’ meant in China, and that is the main thing. 

16 The History of the Late Revolution af the Empire of the Great Mogul, originally published in French (Paris, 1671); many 
umes republished, as by Dass (Calcutta, (gog). In the course of it Bernier said, “There is no meum and tuum among 
them, as there is among us’. He was one of the first to use the word ‘prebendal’ to mean that stage of society in 
which all the officials get their incomes from the imperial treasury and not from direct ownership of feudal lands. 
See the famous letter of Marx to Engels. 2 June 1853. 

17 See below. pp. 12 fE. for which I have had the advantage of collaboration with Gregory Blue, who originally 
learnt Russian in order to be able to study at first hand the debates of the 1930s on the ‘Asiatic Mode of Production’. 
See Bluc (1979). 

'8 This point is developed by Dern (1991), pp. xvi, 33 and 35 ff. 
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Figure 2. Illustration ofa flash-lock gate (bottom-left). From The Grand Titration. Vig. 27, from Baylin (1929). 


purposes when called upon to give it.'? Besides this the State bureaucracy assumed 
the function of the general organisation of production (Fig. 3), i.e. the direction of 
broad agricultural policy, and for this reason the State apparatus of such a type of 
society may well be given the appellation of ‘an economic high command’. Only in 
China do we find among the most ancient high officials the Ssu Ahung AŒ, the Ssu 
Thu Aji and the Ssu Nung 2) Æ (Director of Public Engineering Works, Director 


'S One can detectinthis model similarities to the system of people’s communes, by which the Chinese countryside 
was organised between 1958 and 1979. See, for example, Strong (1964), writing on changes introduced at that time. 
The principle of the rational and maximal utilisation of manpower is one which goes back more than 2,800 ycars 
in Chinese history, and its timing was one of the functions of the ‘economic high command’. 
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of Public Instruction and Minister for Agriculture). Nor can we forget that the 
‘nationalisation’ of salt and iron manufacture (the only commodities which had 
to travel, because not everywhere producible), suggested first in the —5th century, 
was thoroughly put into practice in the —2nd century. Also in the Han there was 
a governmental Fermented Beverages Authority; and there arc many examples of 
similar bureaucratic industries under subsequent dynasties.” 

Various other aspects of this situation reveal themselves as one looks further into 
it; for example, peasant production was not under private control, and theoretically 
all the land within the whole empire belonged to the Emperor and the Emperor 
alone. There was at first a semblance of landed property securely held by individual 
families, but this institution never developed in Chinese history in a way comparable 
with feudal fief tenures of the West, since Chinese society did not retain the system 
of primogeniture.*! Hence all landed estates had to be parcelled out at each demise 
of the head of the family. Again, in that society, the conception of the city-state was 
absent; the towns were purposefully created as nodes in the administrative network, 
though very often no doubt they tended to grow up at spontaneous market centres. 
Every town was a fortified city held for the Prince or the Emperor by his civil 
governor and his military olficial. Since the economic function was so much more 
important in Chinese socicty than the military it is not surprising that the governor 
was usually a more highly respected person than the garrison commander”? Lastly, 
broadly speaking, slaves were not used n agricultural production, nor indeed very 
much in industry; slavery was primarily domestic, or as some would say, ‘patriarchal’ 
in character,” throughout the ages. 

In its later highly developed forms such as one finds in ‘Thang or Sung China the 
‘Asiatic mode of production’ developed into a social system which, while fundamen- 
tally ‘feudal’, m the limited sense that most of the wealth was based on agricultural 
exploitation,”* was essentially bureaucratic and not military-aristocratic. It is quite 
impossible to over-estimate the depth of the civilian ethos in Chinese history. Impe- 
rial power was exercised not through a hierarchy of enfeoffed barons but through 


2 Cf, Schurmann (1956). 

2! Primogeniture was, however, less widespread in Europe than is usually imagined. 

” In a recent book on the Yangtze, van Slyke (1988) has much to say about merchants and mercantile activity 
in traditional China, especially in connection with rice, salt, silk and //uag 44 oil. He well describes the activities of 
the rich merchants of medieval China, and though he trembles on the verge of stating that bureaucratic feudalism 
meant that capitalism (as weld as modern science) could not develop in China. he doesn’t actually do so. But he 
makes interesting statements such as, “Che fact that both officials and merchants centred their activities in cities 
large and small meant that the merchants had no urban arena of their own in which autonomously to develop 
their own values and institutions, to become. that is, a genuine bourgeoisie.” Again he says that guilds in China 
were defensive with respect to political authority, not vehicles for the development of an alternative vision of 
society. Central Asia may have known some city-states, but descending from their Greek antecedents, they were 
overwhelmingly characteristic of Europe, where they again appeared, first in Italy, like Venice, Pisa and Genoa, 
then in Holland, like Rotterdam and Amsterdam, finally Antwerp and London, together with the cities of the 
Hanseatic League. All these were by a long tradition children ofthe Greck city-state. 

3 Sec Tokei (1959), p. 291. 

4 This must not be taken to mean that industry and irade were poorly developed in medieval China. On the 
contrary, especially in the Southern Sung in the 12th and 13th centuries, they were so productive and prosperous 
that the continuance efthe typical bureaucratic form is what surprises. 
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an extremely elaborate civil service which Westerners know of as the ‘mandarinate’, 
enjoying no hereditary principle of succession to estates but recruited afresh in every 
generation. All I can say is that throughout nearly fifty years of study of Chinese cul- 
ture, I have found that these conceptions have made more sense in my understanding 
of Chinese society than any others. I believe that it will be possible to show in some 
considerable detail why Asian ‘bureaucratic feudalism’ at first favoured the growth 
of natural knowledge and its application to technology for human benefit, while later 
on it inhibited the rise of modern capitalism and of modern science, in contrast with 
the other form of feudalism in Europe which favoured it ~ by decaying and gener- 
ating the new mercantile order of society.” A predominantly mercantile order of 
society could never arise in Chinese civilisation because the basic conception of the 
mandarinate was opposed not only to the principles of hereditary aristocratic feudal- 
ism but also to the value-system of the wealthy merchants. Capital accumulation in 
Chinese society there could indeed be, but the application of it in permanently pro- 
ductive industrial enterprises was constantly inhibited by the scholar-bureaucrats, 
as indeed was any other social action which might threaten their supremacy. Thus, 
the merchant guilds in China never achieved anything approaching the status and 
power of the merchant guilds of the city-states of European civilisation.?° 

In many ways I should be prepared to say that the social and economic system 
of medieval China was much more rational than that of medieval Europe. The sys- 
tem of imperial examinations for entry into the bureaucracy, a system which had 
taken its origin as far back as the ~2nd century, together with the age-old practice 
of the ‘recommendation of outstanding talent’, brought it about that the mandar- 
inate recruited to itself the best brains of the nation (and the nation was a whole 
sub-continent) for mere than 2,060 years?” This stands in very great contrast with 
the European situation where the best brains were not especially likely to arise in the 
families of the feudal lords, still less among the more restricted group of eldest sons 
of feudal lords. There were of course certain bureaucratic features of early medieval 
European society, for example the office of the ‘Counts’, the institutions which gave 
rise to the position of ‘Lord Lieutenant’, and the widely customary use of bishops 
and clergy as administrators under the king, but all this fell far short of the system- 
atic utilisation of administrative talent which the Chinese system brought fully into 
play. 

Moreover, not only was administrative talent brought forward and settled thor- 
oughly into the right place, but so strong was the Confucian ethos and ideal that 
the chief representatives of those who were not scholar-gentry remained for the 
most part conscious of their lesser position in the scheme of things. When I was 
giving a talk to a university society on these subjects, someone asked the excel- 
lent question, ‘How was it that the military men could accept their inferiority to 
the civil officials throughout Chinese history?” After all, ‘the power of the sword’ 


ie) 


5 See Needham (1886). 2 See Morse (1932). 
A remarkable sidelight on this will be found in the paper by Lu Gwei-Djen & Needham (t963), ‘China and 
the Origin of (Qualifying) Examinations in Medicine’. 
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has been overwhelming in other civilisations. What immediately came to my mind 
in replying was the imperial charisma carried by the bureaucracy,”® the holiness of 
the written character (when I first went to China the stoves for giving honourable 
cremation to any piece of paper with words written on it were still to be seen at 
every temple), and the Chinese conviction that the sword might win but only the 
logos could maintain. There is a famous story about the first Han emperor who 
was impatient with the elaborate ceremonies devised for the court by his attendant 
philosophers, till one of them said to him, “You conquered the empire on horse- 
back, but from horseback you will never succeed in ruling it’.2” Thereafter the rites 
and ceremonies were allowed to unfold in all their liturgical majesty.°? In ancient 
times the Chinese leader was often an important official and a general indiscrim- 
inately, and what is significant is that the psychology of military men themselves 
clearly admitted their inferiority. They were very often ‘failed civilians’. Of course, 
force was the ultimate argument, the final sanction, as in all societies, but the ques- 
tion was — what force, moral or purely physical? The Chinese profoundly believed 
that only the former lasted, and what the latter could gain only the former could 
keep. 

Furthermore, there may have been technical factors in the primacy of the spoken 
and written wordin Chinese society. [thas been demonstrated that in ancient times in 
China the progress ofinvention in offensive weapons, especially the cfticient crossbow 
(Fig. 4), far outstripped progress in defensive armour.*! There are many cases in 
antiquity of feudal lords being killed by commoners or peasants well armed with 
crossbows, the penetrating power of which made the wearing of armour useless, a 
situation quite unlike the favourable position of the heavilv armed knight in Western 
medieval society. Hence, perhaps, arose the Confucian emphasis on persuasion. 
The Chinese were Whigs, ‘for Whigs admit no force but argument’.*? ‘The Chinese 


28 One should add the high moral standards of Confucianism which exerted great social pressure throughout 
the ages upon the members of the mandarinate. 

29 Thesc were the words of Lu Chia, in -196 (CHS, ch. 43, p. 6b, CAM, ch. 3, p. 46h). Anothercourt liturgiologist 
was Shu-Sun Thung, who reported in —201 that ‘the Emperor had abolished the complex and difficult rites of 
Chhin . . . but the result was that when the officers drank together, they disputed about precedence, got drunk, 
shouted and banged their swords on the columns of the halls. The Empcror was disgusted. Shu-Sun Thung said to 
him, “Scholars may not be able to conquer an empire, but they can help to preserve it. I suggest that yeu convoke 
all the literati of Lu and instruct them to draw up an imperial code of rites”... [After the first trial of it] the 
Emperor said. “This day for the first ime I see what imperial majesty means.” * This comes from CHS, ch. 43, 
pp. 15b {£ Hence TCAM, ch. 3. p. 25b. 

30 See SCC, vol. 1, p. 103. 

3! On the early date ofthe crossbow, andits remarkable ctfects, sce SCC, vol. 5, pt. 6. 

32 “This is a quotation Irem an amusing battle between the Whigs of Cambridge and the Tories of Oxford in the 
i8th century. George I precipitated it by sending at the same time a present of books to Cambridge and a troop of 
cavalry 10 Oxford. Joseph Trapp (1679 to 1747) began it with the following verse: 


‘The King, observing with judicious eyes 

The State of both his universitics 

To Oxford sent a troop of horse, and why? 
That learned body wanted loyalty. 

To Cambridge books, as very well discerning 
How much that loyal body wanted learning. 











Figure 4. Makers of Crossbows in their Workshop. From The Grand Titration, Fig. 29. 


peasant-farmer could not be driven into battle to defend the boundaries of his State, 
for instance, before the unification of the empire, since he would be quite capable 
of shooting his Prince first; but if he was persuaded by the philosophers, whether 


To which Sir William Brown (1692 to 1774) made the following reply: 


The King te Oxford sent a troop of horse, 
For Tones own no argument but force: 

With equal skill to Cambridge books he sent, 
For Whigs admit no force but argument. 


Sce Oxford Dictionary of Quotations. pp. 87, 548, citing Nechel’s Literary Anecdotes, vol. 3, p. 330. 
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patriots or sophists, that it was necessary to fight for that State, as, indeed, also later 
for the empire, then he would march. Hence the presence of a certain amount of 
what one might call ‘propaganda’ (not necessarily in a pejorative sense) in Chinese 
classical and historical texts — a kind of ‘personal equation’ for which the historian 
has to make proper allowance. There was nothing peculiar to China in this. It is, 
of course, a world-wide phenomenon noticeable from Josephus to Gibbon, but the 
sinologist has always to be on the lookout for it, for it was the défautol the bureaucratic 
civilian gualite. 

Yet another argument is of interest in this connection, namely the fact that the 
Chinese were always primarily peasant-farmers, and not engaged in either ani- 
mal husbandry or sea-faring.*? These two latter occupations encourage excessive 
command and obedience; the cowboy or shepherd drives his animals about, the 
sea-captain gives orders to his crew which are neglected at the peril of everyone’s 
life on board, but the peasant-farmer, once he has done all that is necessary for the 
crops, must wait for them to come up. A famous parable in Chinese philosophical 
literature derides a man of Sung who was discontented with the growth rate of his 
plants and started to pull at them to help them to come up.” Force, therefore, was 
always the wrong way of doing things, hence civil persuasion rather than military 
might was always the correct way of doing things. And everything that one could say 
for the position of the soldier vzs-a-vis the civil official holds good, mutatis mutandis, for 
the merchant. Wealth as such was not valued. It had no spiritual power. It could give 
comfort, but not wisdom, and in China afHuence carried comparatively little pres- 
uge. The one idea of every merchant’s son was to become a scholar, to rise high in 
the bureaucracy.” Thus did the system perpetuate itself through 10,000 gencrations. 
Į am not sure that it is still not alive, though raised of course to a higher plane, for is 
not the Party official, whose position is quite irrelevant to the accidents of his birth, 
expected to despise both aristocratic values on the one hand and acquisitive values 
on the other? In a word, perhaps socialism was the spirit of undominating justice 
imprisoned within the shell of Chinese medieval bureaucratism.*” Basic Chinese 
traditions may perhaps be more congruent with the scientific world co-operative 
commonwealth than those of Europe. 

Between 1920 and 1934 there were great discussions in the Soviet Union and 
elsewhere about what Marx had meant by the ‘Asiatic mode of production’. Re- 
cent research by authors such as Giani Sofri,*” Marian Sawer, S. P Dunn,?? and 
especially V. N. Nikiforov” illustrates how those in the 1930s who argued for the 
succession: primitive communalism-slave-socicty—leudalism—capitalism—socialism, 


33 This contrast was, I think, first appreciated by André Haudricourt. Sec his article, Hatclricourt (1962), p. 46. 

34 See SCC, vol. 2, p. 376. 

3 In Chinese opera, one of the characteristic comic characters is the noureau-riche youngman who thinks (wrongly) 
that everything can be bought for money. 

© Of course the medieval mandarinate was part of an exploiting system, like those of Western feudalism and 
capitalism, but as a non-hereditary élite it did oppose both aristocratic and mercantile ways of life. Cf. the work by 
Brandt, Schwartz & Fairbank (1952) and Needham (1960b) in (196ga). 

37 Sofii (1973). 38 Sawer (1977). 39 Dunn (1982). + Nikiforov (1970)- 
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eventually gained the day and how this became the standard order of stages in 
Soviet Marxist historical writing. The climate of dogmatism which prevailed in the 
social sciences during the personality-cult period clearly played an important role 
in this situation.*! In the 1950s and especially the 1960s Marxist authors of various 
nationalities and persuasions expressed great embarrassment that ‘feudalisny’,, for in- 
stance, had become a meaningless term.” ‘Obviously’, they said, ‘a socie-economic 
stage which covers both Ruanda-Urundi today and France in 1788, both China in 
1900 and Norman England, is in danger of losing any kind of specific character 
likely to assist analysis . . ... Subdivisions were thus desperately needed. Joan Simon 
posed the ‘rehabilitation’ of Marx’s Asiatic mode or even several modes, to enable a 
differentiation of the nomenclature between regional variations. The use of the term 
‘proto-feudal’ (which I believe I myself invented) was also recommended for a single 
basic stage which then developed in different ways. Since then the publication of 
Marx’s Grundrisse? in other West European languages, and more recently the pub- 
lication of his ethnological notebooks by Lawrence Krader,** have gone a long way 
towards making known and disseminating the original views of Marx and Engels on 
such subjects. However, in regard to our specific concern — the nature of traditional 
Chinese society — we still await an analysis, whether in terms of the ‘Asiatic mode of 
production’ or otherwise, that is completely convincing. 

One great question is whether Marx and Engels regarded this as something qual- 
itatively different from one or other of the classically distinguished types of society 
in the rest of the world, or only quantitatively different. It is not yet clear whether 
they saw it as essentially a ‘transitory’ situation (though in some cases it might be 
capable of age-long stabilisation) or whether they thought of ‘bureaucratism’ as a 
fourth fundamental type of class society. Was the ‘Asiatic mode of preduction’ simply 
a variation of classical feudalism? Some Chinese historians have certainly regarded 
it as a special type of feudalism. But sometimes Marx and Engels seemed to speak 
as if they did consider it as something qualitatively different from slave production 
or feudal production. There was also always the question how far the conceptions 
of ‘bureaucratic feudalism’ might be applicable to pre-Columbian America or other 
societies such as medieval Ceylon (Sri Lanka). 

For many years it was usual for the name of Wittfogel to be mentioned with aver- 
sion in Marxist writings on this topic. During the Hitler period Wittfogel migrated 
from Germany to America, where he lived and worked until his death.*? He was a 
great brandisher of tomahawks in the intellectual Cold War, and those writers who 
regard his book Oriental Despotism? as propaganda directed against Russia and China 
old and new, or against Asian cultures generally, are only too probably correct. In 
his American period Wittfogel sought to attribute all abuses of power, whether in 
totalitarian or other societies, to the principle of burcaucratism; but the fact that he 


+! See above, pp. 2 ff. +2 Simon (1962), p. 183. 8 Marx (1973). H Krader (1974) and (1975). 

49 Sce Wittfogel (1978), which is largely autobiographical. 

#8 Wittfogel (1957). Among the many critiques of Wittfogel’s ideas may be mentioned an interesting study from 
the juristic point of view by Lee (1964). 
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became a great opponent of the ideas regarding ancient and imperial Chinese history 
which I and many others favour does not alter the fact that he once set them forth 
quite brilliantly himself, and thus I still admire his Wirtschafi und Gesellschaft Chinas 
(1931), and his other works from this early period, while deprecating his latter-day 
views. Although from the 1950s he perhaps overdid it, I do not regard his theory of 
‘hydraulic society’ as essentially erroneous, for I also believe that the spatial range of 
public works (river control, irrigation and the building of transport canals) in Chinese 
history transcended time after time the barriers between the territories of individ- 
ual feudal or proto-feucal lords. It thus invariably tended to concentrate power 
at the centre, ic. in the bureaucratic apparatus, arched above the granular mass 
of ‘tribal’ clan villages.” I think it played an important part, therefore, in making 
Chinese feudalism ‘bureaucratic’. Of course it does not matter from the standpoint 
of the historian of science and technology how different Chinese feudalism was from 
European feudalism, but it has got to be different enough (and I firmly believe it 
was different enough) to account for the total inhibition of capitalism and modern 
science in China as against the successful development of both these features in the 
West. 

As for bureaucracy, it is sheer nonsense to lay all social evil at its door. But was 
it actually productive in fostering science? I doubt it. I imagine that the invention 
of poundlock gates would be something typical of the hydraulic element, and the 
scanning of the skies in China was intimately related to the elaboration ofthe calendar 
and the mode of government. But there seems no bureaucratic reason why the 
Chinese should have invented the mechanical clock as they did, with the water- 
wheel linkwork escapement which brought round one bucket after another every 
twenty seconds or so on the rim of a large wheel. It will not be denied that the 
mechanical clock is the greatest instrument of modern science, being able to tell 
accurately the progress of time. Yet further use of the mechanical clock in China 
was not developed. The seeds of modern science were there, but their growth was 
inhibited. There are other examples of this which we hope to summarise below in 
our Gencral Conclusions. The Chinese had the inventiveness, but lacked the social 
conditions for the elaboration of modern science. Now that social conditions are 
altered and modern science has been adopted in China, Chinese inventiveness can 
be expected to come into full play once again. 

In a word, I cannot see that the early scientific achievement of China was due 
to the hydraulic bureaucratic system. But in other ways bureaucratism has been a 
magnificent instrument of human social organisation. Furthermore, it is going to be 
with us, if humanity endures, for many centuries to come. The fundamental problem 
before us now is the humanisation of bureaucracy, so that under socialism not only 
shall its organising power be used for the benefit of the ordinary man and woman, 
but that it shall be known and palpably felt and seen to be so used. Modern human 


Y This argument is exactly stated in the Jèn Thieh Lun (Discourses on Salt and Iron) of about -8o, ch. 13, p. ta. 
Sce SCC, vol. 4, pt. 3, pp. 264 fE. 
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society is, and will increasingly be, based on modern science and technology, and 
the more this goes on the more indispensable a highly organised bureaucracy will 
be. The fallacy here is to compare such a system after the rise of modern science 
with any precursor systems which existed before it. For modern science has given 
us a vast wealth of instruments from telephones to computers which now and only 
now could truly implement the will to humanise bureaucracy. That will may rest on 
what is essentially Confucianism, Taoism, and revolutionary Christianity, as well as 
Marxism.” 

The term ‘oriental despotism’ recalls of course the speculations of the Physiocrats 
in 18th-century France, who were deeply influenced by what was then known of the 
Chinese economic and social structure.*? For them, of course, it was an enlightened 
despotism, which they much admired, not the grim and wicked system of Wittfogel’s 
later imagination. Sinologists throughout the world were impatient with his later 
book*® because it persistently selected from the facts. Thus, for example, it is impos- 
sible to say that there was no educated public opinion in medieval China. On the 
contrary the scholar-gentry and the scholar-bureaucrats constituted a wide and very 
powerful public opinion, and there were times when the Emperor might command 
but the bureaucracy would not obey.?! In theory, the Emperor might be an absolute 
ruler, but in practice what happened was regulated by long-established precedent 
and convention, interpreted age after age by the Confucian exegesis of historical 
texts. China has always been a ‘one-Party State’, and for over 2,000 years the rule 
was that of the Confucian Party. My opinion is, therefore, that the term ‘oriental 
despotism’ is no more justified in the hands of Wittfogel than it was in those of the 
Physiocrats, and I never use it myself: On the other hand there are many Marxist 
terms, some old and some more recently gaining prominence, which I find great 
difficulty in adopting. For example, in some texts the ‘imaginary State construct’ is 
contrasted with the ‘real substratum’ of the independent peasant villages. This does 
not secm to me justifiable because in its way the State apparatus was quite as real as 
the work of the peasant-farmers. Nor do I like to apply the term ‘autonomic’ to the 
village communities because I think it was only true within very definite limitations. 
The truth is that we urgently need the development of some entirely new technical 
terms. We are dealing here with states of society far removed from anything that the 
West ever knew, and in coining these new technical terms I would suggest that we 
might make use of Chinese forms rather than continuing to insist on using Greek 
and Latin roots to apply to societies which were enormously different. Here the term 
kuan hae & & for the bureaucracy might come in useful. If we could get a more ad- 
equate terminology it would also help us to consider certain other related problems. 
Here I am thinking of the remarkable fact that Japanese society was more similar to 


t8 Though one of the great religions of China, Buddhism, being so unworldly, is not included here. 

49 On this see L. A. Maverick’s China: A Model fer Eure pe (1946) which includes a translatien of F. Quesnay’s (1767) 
Le Despotisine de la Chine. 

50 See, for example, the review by Pulleyblank (1958a). 

3! Cf Liu Tzu-Chien, ‘An Early Sung Reformer, Fan Chung-Yer (1957), p. 105. 
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that of Western European society than that of China, and for that very reason more 
capable of developing modern capitalism. This has been recognised by historians 
for a long time past, but recent writings have pinpointed rather precisely the exact 
ways in which Japanese military-aristocratic feudalism could generate capitalism as 
Chinese bureaucratic society could not.>” 

It seems clear, at any rate, that the early superiority of Chinese science and technol- 
ogy through long centuries must be placed in relation to the elaborate, rationalised 
and conscious mechanisms ofa society having the character of ‘Asiatic bureaucracy’. 
It was a society which functioned fundamentally in a ‘learned’ way, the seats of 
power being filled by scholars, not military commanders. Central authority relied 
a great deal upon the ‘autematic’ functioning of the village communities, and in 
general tended to reduce to the minimum its intervention in their life. I have already 
written (above, pp. 1-2) of the fundamental difference between peasant-farmers on 
the one hand and shepherds or seamen on the other. This difference is expressed 
epigrammatically in the Chinese terms wei # and æu wei # A, Wei meant appli- 
cation of the force of will-power, the determination that things, animals, or even 
other men, should do what they were ordered to do, but wu wer was the opposite 
of this, leaving things alone, letting Nature take her course, profiting by going with 
the grain of things instead of going against it, and knowing how not to interfere.’ 
Hu wei was the great Taoist watchword throughout the ages, the untaught doctrine, 
the wordless edict.°? It was summarised in that numinous group of phrases which 
Bertrand Russell collected from his time in China, ‘production without possession, 
action without self-assertion, development without domination’.? Now wu wei, the 
lack of interference, might very well be applied to a respect for the ‘automotive’ 
capacity of the individual farmers and their peasant communities, Even when the 
old ‘Asiatic’ society had given place to ‘bureaucratic feudalism’ such conceptions 
remained very much alive in Chinese political practice and government adminis- 
tration that had been inherited from ancient Asian society ancl from the single pair 
of opposites, ‘villages-princee’. Thus, all through Chinese history, the best magistrate 
was he who intervencd least in society’s affairs, and all through history, too, the chief 
aim of clans and families was to settle their affairs internally without having recourse 
to the courts.°° It seems probable that a society like this would be favourable to 
reflection upon the world of Nature. Man should try to penetrate as far as possible 
into the mechanisms of the natural world and to utilise the sources of power which 
it contamed while mtervening directly as little as possible, and utilising ‘action at 


 Sce. for example, the monograph by Jacobs (1958), notable also for the excellence of its index. The author, a 
Weberian sociologist, executed the remarkable feat of making no mention of Marx and Engels. 

33 I remember that during the war | had a friend in the Foreign Office in London who had a huge Chinese scroll 
beside his desk, with these two characters alone on it, and when later on I became Master of Caius, 1 found that it 
was essentially a practical dictum; things worked better if you left the College Lecturers. the Dean and Chaplain 
and the Kitchen Office to get on with it without any interference trom above. 

4 See SCG, vol. 2, P. 564. 

5 SCC, vol. 2, p. 164; from Bertrand Russell, The Problem of China (1922), p- 194- 

58 An aspect of the darker side of this is given in the partly autobiographical account of my old friend Kuo 
Yu-Shou (1963). 
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a distance’. Conceptions of this kind, highly intelligent; sought always to achieve 
effects with an economy of means,’ and naturally encouraged the investigation of 
Nature for essentially Baconian reasons. Hence such early triumphs as those of the 
seismograph, the casting of iron, and water-power.** 

It might thus be said that this non-interventionist conception of human activity 
was, to begin with, propitious for the development of the natural sciences. For exam- 
ple, the predilection for ‘action at a distance’ had great effects in early wave-theory, 
the discovery of the nature of the tides, the knowledge of relations between min- 
eral bodies and plants as in geo-botanical prospecting, or again in the science of 
magnetism. It is often forgotten that one of the fundamental features of the great 
breakthrough of modern science in the time of Galileo was the knowledge of magnetic 
polarity, declination, etc.; and unlike Euclidean geometry and Ptolemaic astronomy, 
magnetical science was a totally non-European contribution.°? Nothing had been 
knewn of it to speak of in Europe before the end of the 12th century, and its trans- 
mission from the earlier work of the Chinese is not in doubt. If the Chinese were 
(apart from the Babylonians) the greatest observers among all ancient peoples, was 
it not perhaps precisely because of the encouragement of non-interventionist prin- 
ciples, enshrined in the numinous poetry of the Taoists on the ‘water symbol’ and 
the ‘eternal feminine’? 

However, if the non-interventionist character of the ‘villages—prince’ relationship 
engendered a certain conception of the world which was propitious to the progress 
of science, it had certain natural limitations. It was not congruent with characteristi- 
cally occidental ‘interventionism’, so natural to a people of shepherds and sea-farers. 
Since it was not capable of allowing the mercantile mentality a leading place in the 
civilisation, it was not capable of fusing together the techniques ef the higher arti- 
sanate with the methods of mathematical and logical reasoning which the scholars 
had worked out, so that the passage from the Vincian to the Galilean stage in the 
development of modern natural science was not achieved, perhaps not possible. In 
medieval China there had been more systematic experimentation than the Greeks 
had ever attempted, or medieval Europe either,"! but so long as ‘bureaucratic feu- 
dalism’ remained unchanged, mathematics could not come together with empirical 
Nature-observation and expernnent to produce something fundamentally new. ‘The 
suggestion is that experiment demanded too much active intervention, and while 


57 One can see what this implies by imagining a city on the side of a hill above a river, where water was necded 
for the upper streets. The Confucians wouldhaye had squads of men pedalling square-pallet chain-pumps to send 
up the water from the river: but the Taoist way would have been quite different. They weuld have taken off a 
derivate canal from the river at a higher level and by guiding it along the centours, they would have reached the 
upper streets of the city on a wu ier principle. 

8 One might add the magnetic compass, deep borehole drilling, and the escapement of clockwork, and many 
other inventions listed below. 

5 See Needham (ig60a). 8 CE SCC. vol. 2, p. 57. 

6t Nathan Rosenberg has suggested to us that a new attitude almost of deference to experimental resuhs arose in 
Europe from the 16th century onwards, with the dominance of the bourgeoisie, which was not paralleled clsewhere. 
This attitude is very similar to that of merchants interested in quantitative accounting. See Rosenberg & Birdzeil 
(1986). 
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this had always been accepted in the arts and trades, indeed more so than in Europe, 
it was perhaps more difficult in China to make it philosophically respectable. 

There was another way, also, in which meciieval Chinese society had been highly 
favourable to the growth of the natural sciences at the pre-Renaissance level. Tradi- 
tional Chinese society was highly organic, highly cohesive. The State was responsible 
for the good functioning of the entire society, even if this responsibility was carried 
out with the minimum intervention. One remembers that the ancient definition of 
the Ideal Ruler was that he should sit simply facing the south and exert his virtue 
(te 4%) in all directions so that the ‘len Thousand Things would automatically be 
well governed. As we have been able to show over and over again, the State brought 
powerful aid to scientific research.®? Astronomical observatories, for example, keep- 
ing millennial records, were part of the civil service; vast encyclopaedias, not only 
literary but also medical and agricultural, were published at the expense of the State, 
and scientific expeditions altogether remarkable for their time were successfully ac- 
complished (one thinks of the early +8th-century geodetic survey of a meridian arc 
stretching from Indo-China to Mongolia, and the expedition to chart the constel- 
lations of the southern hemisphere to within twenty degrees of the south cclestial 
pole).** By contrast science in Europe was generally a private enterprise. Therefore 
it hung back for many centuries. Yet State science and medicine in China were not 
capable of making, when the time came, that qualitative leap which happened in 
occidental science and medicine in the 16th and early 17th centuries. 

Intimately associated with this qualitative leap is the idea of scientific progress. Let 
us now follow the conception ofa progressive development of knowledge further, far 
beyond the level of ancient techniques. It would be quite a mistake to imagine that 
Chinese culture never generated this conception, for one can find textual evidence in 
every period showing that in spite of their veneration for the sages, Chinese scholars 
and scientists believed that there had been progress beyond the knowledge of their 
distant ancestors. Indeed the whole series of some hundred astronomical tables 
(‘calendars’) between -370 and —1742 illustrates the point, for many new emperors 
wanted one which would necessarily be better and more accurate than any of those 
that had gone before. No mathematician or astronomer in any Chinese century 
wouldhave dreamed of astronomical constants. ‘The same also may be said to be true 
of the pharmaceutical naturalists, whose descriptions of the kingdoms of Nature grew 
and grew. The number of main entries in the ma jor pharmaceutical natural histories 
between +200 and +1600 show the growth of knowledge through the centuries; an 
unduly sharp rise just after +1100 is probably referable to increasing acquaintance 
with foreign, especially Arabic and Persian, minerals, plants and animals, with a 
synonymic multiplication which subsequently righted itself, on which sec Volume 6, 
part 1. 


© SCC, vels. 2, 3, 4, 5, 6 passim. 
63 See Beer, Ho Ping-Yii, Lu Gwei-Djen. Needham, Pulicyblank & ‘Thompson, ‘An Eighth-Century Meridian 
Line; [-Hsing’s Chain of Gnomons and the Pre-Histery of the Metric System’ (1964). 
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The position in China would be well worth contrasting in.detail with that in 
Europe. In his great work Bury (1924) showed long ago that before the time of 
Francis Bacon only very scanty rudiments of the conception of progress are to be 
found in Western scholarly literature. The birth of this conception was involved 
in the famous 16th- and 17th-century controversy between the supporters of the 
‘Ancients’ and those of the ‘Moderns’, for the studies of the humanists had made 
it clear that there were new things, such as gunpowder, printing and the magnetic 
compass, which the ancient Western world had not possessed. The fact that these 
(and many other innovations) had come from China or other parts of Asia was long 
overlooked, but the history of science and technology as we know it was born at the 
same time out of the perplexity which this discovery had generated. 

Bury had dealt with progress in relation to the history of culture in general; Zilsel 
enlarged his method to deal with progress in relation to the ideal of science.°* ‘he 
‘ideal of scientific progress’ included, he thought, the following ideas: (a) that scien- 
tific knowledge is built up brick by brick through the contributions of generations of 
workers; (b) that the building is never completed; and (c) that the scientist’s aim is a 
disinterested contribution to this building, either for its own sake, or for the public 
benefit, not for fame or private personal advantage. Zilsel was able to show very 
clearly that expressions of these belicfs, whether in word or deed, were extremely 
unusual before the Renaissance, and even then they developed not among the schol- 
ars, who still sought individualistic personal glory, but among the higher artisanate, 
where co-operation sprang quite naturally from working conditions. Since the social 
situation in the era of the rise of capitalism favoured the activities of these men, their 
ideal was able to make headway in the world. Zilsel traces the first appearance of 
the idea of the continuous advancement of craftsmanship and science to Mathias 
Roriczer, whose book on cathedral architecture appeared in 1486.6 Thus, ‘science’, 
said Zilsel, ‘both in its theoretical and utilitarian interpretations, came to be regarded 
as the product of a co-operation for non-personal ends, a co-operation in which all 
scientists of the past, the present and the future have a part’. “Today’, he went on, 
‘this idea or ideal seems almost self-evident — yet no Brahmanic, Buddhist, Muslim 
or Latin scholastic, no Confucian scholar or Renaissance humanist, no philosopher 
or rhetor of classical antiquity ever achieved it’. He would have done better to leave 
out the reference to the Confucian scholars until Europe knew a little more about 
them. For in factit would seem that the idea of cumulative, disinterested, co-operative 
enterprise in amassing scientific information was much more customary in medieval 
China than anywhere in the pre-Renaissance West. 


Some Asian scholars have been suspicious of the idea of the ‘Asiatic mode of pro- 
duction’ or ‘bureaucratic feudalism’ because they have identified it with an assumed 


ël See Zilsel’s writings between 1940 and 1945. 


6 This work is entrtted Das Büchlein von der Fialen Gerechtigkeit. There is a facsimile reproduction published by 
Geldner (1965). 
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‘stagnation’ which they thought they saw in the history of their own societies. In the 
name of the right of the Asian and African people to progress, they have projected 
this feeling into the past and have wished to claim for their ancestors exactly the 
same stages as those which the West had itself gone through, that Western world 
which had for a time dominated so hatefully over them. It is, I think, very important 
to clear up this misunderstanding, for there seems no reason at all why we should 
assume a priori that China and other ancient civilisations passed through exactly the 
same social stages as the European West. In fact, the word ‘stagnation’ was never 
applicable to China at all; it was purely a Western misconception. A continuing 
general and scientific progress manifested itself in traditional Chinese society, but 
this was violently overtaken by the exponential gre wth of modern science after the 
Renaissance in Europe. China was homoeostatic, cybernetic if you like, but never 
stagnant. In case after case it can be shown with overwhelming probability that 
fundamental discoveries and inventions made in China were transmitted to Europe, 
for example, magnetic science, equatorial celestial co-ordinates and the equatorial 
mounting of observational astronomical instruments,°’ quantitative cartography, the 
technology of cast iron, essential cermponents of the reciprocating steam-engine 
such as the double-acting principle and the standard interconversion of rotary and 
longitudinal motion, the mechanical clock,’ the boot stirrup and the efficient 
equine harnesses,’' to say nothing of gunpowder and all that followed therefrom.” 
These many diverse discoveries and inventions had earth-shaking effects in Europe, 
but in China the social order of bureaucratic feudalism was very litle disturbed 
by them. The built-in instability of European society must therefore be contrasted 
with a homoeostatic equilibrium in China, the product I believe of a society fun- 
damentally more rational. What remains is an analysis of the relationships of social 
classes in China and Europe. The clashes between them in the West have been 
charted well enough, but in China the problem is much more difficult because of 
the non-hereditary nature of the bureaucracy. 


8 An example of belicf in Chinese stagnation is to be found in the small beok of Chhicn Wen-Yüan (1985), The 
Great Inertia: Scientite Stagnation in Traditional China. 

57 Needham (1955). 

68 CE Needham, The Development ef hon and Steel Technology in China (1958). This was written with the collaboration 
of Wang Ling, but our volume of ferrous metallurgy is now in the hands of Denald Wagner of Copenhagen whose 
study of the subject will be, we hope, the last word on it for many years. 

“ See Needham (1961) and (1963). 

™ Cf. Needham, Wang Ling & de S. Price, [eavenly Clockwork (1960). We still think that the idea of the escapement 
came over to Europe at the end of the 13th century as a kind of stimulus diffusion from China. The water-wheel 
link-work escapement had originated in China at least from the beginning of the +8th century onwards, and it 
still seems to us quite likely that somebedy said in Lurope at the end ofthe 13th century; ‘In the East, men have 
found away of slowing down the revolution of a wheel until it keeps pace with the diurnal revolution of the stars 
(mankind's primary clock). Whereupon the Europeans set to and developed their own cscapement, which was 
quite a different one, namely the verge-and-foliot. 

“| The latter has already been described in SCC, vol. 4, pt. 2, pp. 304 fF., but the former will be described in 
vol. 5, pt. 8, as part of the cavalry material. 

72 See SCC, vol. 5, pt. 7. Some of the multifarious influences of Chinese inventions and discoveries of the pre- 
Renaissance world have been emphasised by Lynn White in his Medieval Technology and Social Change (1962). The 
book of Gimpel, The Medieval Machine (1976), is much less sensitive to them. 
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Itmay well be that bureaucratic feudalism lasted so long because of the character- 
istic methods of wet-rice cultivation. Everyone pondering it has come away with the 
feeling that itis a predominantly ‘Gartenbaw situation (to use the German term) 
rather like the art of gardening itself. Francesca Bray, in her volume on the history 
of agriculture in China, adumbrated this very clearly. She wrote ‘From the very out- 
sct, we believe, the fundamental constraints (both technical and social) of wet-rice 
cultivation significantly influenced China’s peculiar path of development’.’? And 
again, ‘Unlike dry-land agriculture, in wet-rice arcas, successful farming depends 
less on equipment than skill, less on capital investment and economies of skill than 
on labour shrewdly applied’.’* She went on to write, ‘It is clear that the small size of 
units of production (and of individual fields) suited to efficient wet-rice production is 
a barrier to economies of scale and thus to technical inventiveness of the type which 
we owe to the European Agricultural and Industrial Revolution, that is, a tendency 
towards mechanisation and improved returns to labour’.’? She concluded, 


In wet-rice societies, ... the natural course of development appears to be not towards capital- 
ism but towards a social formation that may conveniently be called a petty-commodity mode 
of production. Once this stage is reached, the relations of production in wet-rice cultivation 
have an internal dynamism that enables them to sustain not only significant increases in agri- 
cultural productivity, but also rapid economic diversification, without undergoing historical 
change.’® 


In her separate book on the rice economies Francesca Bray (1986) returns to this 
theme. ‘European historical methodology’, she writes (p. 1), ‘has understandably 
been profoundly marked by the growth of capitalism, but it is doubtful to what 
extent models derived from Europe’s highly specific experience are applicable to 
other parts of the world’. She makes a distinction (p. 7). between ‘mechanical tech- 
nologies’, like that of European agriculture, and ‘skill-oriented’ technologies, such 
as rice cultivation, and she concludes (p. 207) that ‘the transition to capitalist rela- 
tions of production whereby landowners evicting their tenants in order to run large, 
consolidated farms using cheap wage-labour, did not occur in China’. On the last 
page of her volume in Science and Civilisation in China, she concluded, ‘It seems, then, 
that while wet-rice cultural systems can produce rapid, sustained technical and eco- 
nomic development, it is to the harder dry-land systems that we must look for real 
social transformation and historical change’. ” 

In recent decades much interest has been aroused in the history of science and 
technology in the great non-European civilisations, especially China and India, in- 
terest, that is, on the part of scientists, engineers, philosophers and orientalists, but 
little, on the whole, among historians. Why, one may ask, has the history of Chinese 
and Indian science been unpopular among them? Lack of the necessary linguistic 
and cultural tools for approaching the original sources has naturally been an inhi- 
bition, and of course if one is primarily attracted by 18th- and 19th-century science, 


3 SCG, vol. 6, pl. 2. p. 613. "4 Ibid, p. 611. 75 Thid., p. 613. © Thid., p. 616. 7 Ibid. 
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European developments will monopolise one’s interest. But I believe there is a deeper 
reason. 

The study of great civilisations in which modern science and technology did not 
spontaneously develop obviously tends to raise the causal problem of how modern 
science did come into being at the European end of the Old World, and it does so 
in acute form. Indeed, the more brilliant the achievements of the ancient and me- 
dieval Asian civilisations turn out to have been, the more discomforting the problem 
becomes. During the past fifty years historians of science in Western countries have 
tended to reject the sociological theories of the origin of modern science which had 
a considerable innings earlier in this century. The forms in which such hypotheses 
had then been presented were doubtless relatively crude,’® but that was surely no 
reason why they should not have been refined. Perhaps also the hypotheses them- 
selves were felt to be too unsettling for a period during which the history of science 
was establishing itself as a factual academic discipline. Many historians were pre- 
pared to see science having an influence on society, but not to admit that society 
influenced science, and they liked to think of the progress of science solely in terms 
of the internal or autonomous filiation of ideas, theories, mental or mathematical 
techniques handed on like torches from one great man to another. They have been 
essentially ‘internalists’ or ‘autonomists’. In other words, ‘there was a man serit from 
God, whose name was. . ? Kepler.’ 

However, the study of other civilisations places traditional historical thought in 
serious intellectual difficulty. For the most obvious and necessary kind of explanation 
which it demands is one which would demonstrate the fundamental differences in 
social and economic structure and mutability between Europe on the one hand and 
the great Asian civilisations on the other, differences which woulel account not only for 
the development of modern science in Europe alone, but also of capitalism in Europe 
alone, together with its typical accompaniments of Protestantism, nationalism, etc. 
not paralleled in any other part of the globe. They must in no way neglect the 
importance of a multitude of factors in the realm of ideas — language and logic, 
religion and philosophy, theology, music, humanitarianism, attitudes to time and 
change — but they will be most deeply concerned with the analysis of the society in 
question, its patterns, its urges, its needs, its transformations. In the internalist or 


78 Such is the adjective generally applicd to B. Hessen’s famous paper ‘On the Social and Economic Roots of 
Newton's Principia’, deliveredat the International Congressof the History of Science at London in 1931 (1932). It was 
certainly in plain, blunt, Cromwellian style. But already halfa dozen years later. R. K. Merton’s remarkable mono- 
graph, ‘Science, Technology and Society in Seventeenth-Century England? (1938), had achieved a considerably 
more refined and sophisticated presentation. Much is owing also to the works of Zilsel (1941-5). 

79 Though off the rails at various points, J. Agassi is entertaining on this topic in his monograph Towards an 
Historiography of Science (1963). The ‘inductivist’ historians of science, he says, are chiefly concerned with questions of 
whom to worship and for what reasons; but he does not like the ‘conventionalists’ much better. With this particular 
quarrel I am not here concerned, but it is surprising that Agassi did not make more use of the works of Walter 
Pagel (1935—08) which would have supported some of his arguments strongly, On the whole, Agassi takes his own 
stand for autonomism, regarding Marxism as one of the failings of inductivists, and believing that contention 
between different schools was the main factor in the development of science. As his monograph comes from the 
Universityof Hong Kong, it seems that he encysted himself with extraordinary success from all contact with Chincse 
culture. 
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autonomist view, such explanations are unwelcome, and do little to encourage the 
study of the other great civilisations. 

But if you reject the validity or even the relevance of sociological accounts of the 
‘scientific revolution’ of the late Renaissance, which brought modern science into 
being, if you renounce them as too revolutionary for that revolution, and if at the 
sarne time you wish to explain why Europeans were able to do what Chinese and 
Indians were not, then you are driven back upon an inescapable dilemma. One of 
its horns is called pure chance, the other is racialism hewever disguised. To attribute 
the origin of modern science entirely to chance is to declare the bankruptcy of 
history as a form of enlightenment of the human mind. To dwell upon geography 
and harp upon climate as chance factors will not save the situation, for it brings you 
straight into the question of city-states, maritime commerce, agriculture and the like — 
concrete factors with which autonomism declines to have anything to do. The ‘Greek 
miracle’, like the scientific revolution itself; is then doomed to remain miraculous. 
But what is the alternative to chance? Only the doctrine that one particular group 
of peoples, in this case the European ‘race’, possessed some intrinsic superiority to 
all other groups of peoples. Against the scientific study of human races, physical 
anthropology, comparative haematology and the like, there can, of course, be no 
objection, but the doctrine of European superiority is racialism in the political sense 
and has nothing in common with science. For the European autonomist, I fear, ‘we 
are the people, and wisdom was born with us’."” However, since racialism (at least in 
its explicit forms) is neither intellectually respectable nor internationally acceptable, 
the autonomists are in a quandary which may be expected to become more obvious 
as time goes on.”! I confidently anticipate, therefore, a great revival of interest in the 
relations of science and society during crucial European centuries, as well as a study 
ever more intense of the social structures of all the civilisations, and the delineation 
of how they differed in glory, one from another. 

In sum, I believe that the analysable differences in social and economic pattern 
between China and Western Europe will in the end illuminate, as far as anything 
can ever throw light on it, both the earlier predominance of Chinese science and 
technology and also the later rise of modern science in Europe alone. 


t Job, 12:2. He is talking to Zephar, the Na’amethite. Another translation runs, ‘No doubt yeu are the people. 
and wisdom will dic with you!” 

8! D.J. de S. Price, a valued collaborator of our own, knew much of the Asian contribution, but in his Science Since 
Babylen (1961) follows a hunch’ of Minstein’s and favours chance combinations of circumstances as the evocators of 
Greek and Renaissance science. A. R. Hall, in ‘Merton Revisited’ (1963), attacks anew what he calls the ‘externalist’ 
historiography of science, but significantly keeps silence about the preblem posed by the Asian contributions. If he 
had taken a broader comparative point ef view, his arguments about the European situation might have carried 
more conviction. A. C, Crombie (see above, p. xxviii, n. 18) alone, of the three, shows a real consciousness of the 
slow social changes which permitted the intellectual movements of the late Middle Ages and the Renaissance to 
bring modern science into being in the European culture-area, but even he pays less attention to their economic 
concomitants. 
















































































O THE ROLES OF EUROPE ANB CHINA IN THE 
EVOLUTION OF OECUMENICAL SCIENCE! 


Jesepu NEEDHAM 


Many historians ofideas and culture still blandly assume that the Asian civilisations 
‘hadnothing thatwe should call science’. Ifslightly better informed, theyare apt to say 
that China had humanistic but not natural sciences, or technology but not theoretical 
science, or even correctly that China did not generate modern science (as opposed to 
the ancient and medieval sciences). This is not the place to set such ideas to rights in 
any detail, but my own experience has shown that it is comparatively casy to produce 
a whole series of bulky volumes about the scientific and technological achievements 
which the Chinese are supposed not to have had. If, as is demonstrably the case, they 
were recording sun-spot cycles a millennium and a half before Europeans noted 
the existence of such blemishes upon the solar orb,’ if every component of the 
parhelic system received a technical name 1,000 years before Europeans began to 
study them,? and ifthat key instrument of scientific revolution, the mechanical clock, 
began its career in early +8th-century China rather than (as usually supposed) in 
+r14th-century Europe,’ there must be something wrong with conventional ideas 
about the uniquely scientific genius of Western civilisation. Nevertheless it remains 
true that modern science, i.e. the testing by systematic experiment of mathematical 
hypotheses about natural phenomena, originated only in the West. Yet it cannot 
even be maintained that China contributed nothing to this great breakthrough of 
modern science when it occurred in the later stages of the European Renaissance, 
for while Euclidean geometry and Ptolemaic planetary astronomy were undeniably 
Greek in origin, there was a third very vital component, the knowledge of magnetic 
phenomena, and the foundations of this had all been laid in China.’ There people 
had been worrying about the nature of magnetic declination and induction before 
Westerners even knew of the existence of magnetic polarity. 

But from the time of Galileo (1600) onwards, the ‘new, or experimental, philosophy’ 
of the West ineluctably overtook the levels reached by the natural philosophy of 
China, leading in due course to the exponential rise of modern science in the 19th 
and 20th centuries. What metaphor then can we use to describe the way in which 
the medieval sciences of both West and East were subsumed in modern science? 
The sort of image which occurs most naturally to those who work in this field is 


l Presidential Address delivered to Section X (General) on 31 August 1967 at the Leeds Necting of the British 
Association. The present paper was given, in preliminary form, as an address at the opening of the permanent 
exhibition of Chinese medicine at the Wellcome Historical Medical Museum in London on 28 March 1966 
(see Poynter, Barber-Lomax & Crellin (1966). 

2 SCG, vol. 3, pp. 434 HÈ 3 SCC, vol. 3, pp. 474 ff, and Ho Ping-Yu & Needham (19592). 

E SCC, vol. 4, pl. 2, pp. 435 ff, and Needham, Wang & Price (1960). 

> SCG, vol. 4, pt. 1 pp. 239 fC, 334, and Necdham (1964), p. 255. 


24 











50 GENERAL CONCLUSIONS AND REFLECTIONS 25 


that of the rivers and the sea. There is an old Chinese expression abeut ‘the Rivers 
going to pay court to the Sea’,® and indced one can well consider the older streams 
of science in the different civilisations like rivers flowing into the ocean of modern 
scicnce. Modern science is indeed composed of contributions from all the peoples 
of the Old World, and each contribution has flowed continuously into it, whether 
from Greek and Roman antiquity, or from the Islamic world or from the cultures of 
China and of India. 

Here l shall confine myself to the Chinese case. In considering the situation before 
us there are two quite distinct questions to ask, first when in history did a particular 
sciencc in its Western form fuse with its Chinese form so that all ethnic characteristics 
melted into the universality of modern science; and second at what point in history 
did the Western form decisively overtake the Chinese form? We may thus try to 
define the date of what may be called the fusion point’ on the one hand, and that 
of the ‘transcurrent point’ on the other. Since by a historical coincidence the rise 
of modern science in Europe was closely accompanied by the activities of the Jesuit 
mission in China (Matteo Ricci S.J. (Li Ma-Tou #1,8%, Fig. 5) died in Peking in 
1610), there was relatively little delay in the juxtaposition of the two great traditions. 
Since the breakthrough occurred in the West, the transcurrent point for each of the 
sciences naturally preceded the fusion point, but as we shall see, the interest lies 
largely in the lag or delay between the two. 

First let us consider the fusion points, those estuaries in time when the rivers flowed 
into the sea, and when full mixture took place. Here at once we find a remarkable 
difference between what happened in the physical sciences and in the biological 
sciences. On the physical side, the mathematics, astronomy and physics of West and 
East united very quickly after they first came together. By 1644, the end of the Ming 
dynasty, there was no longer any perceptible difference between the mathematics, 
astronomy and physics of China and Europe; they had completely fused, they had 
coalesced. 

If at first it seemed that Western mathematics had been at a higher level than 
Chinese mathematics this was found to be clue, as the decades went by, to a loss of the 
expertise which the Sung and Yuan algebraists had had, and the resteration of their 
techniques redressed the balance — though the lack of deductive geometry remained 
a debit on the Chinese side. Chinese mathematics had always been by preference 
algebraic rather than geometrical.’ Astronomy differed between the civilisations in 
an equally fundamental way, for while Greek astronomy had always been ecliptic, 
planetary, angular, true and annual, Chinese astronomy had always been polar, 
equatorial, horary, mean and diurnal (Fig. 6).8 The two systems were not in any 
way opposed or incompatible; it was just as in the mathematics, the attention of 
Chinese and Europeans had been concentrated upon different aspects of Nature. 
If the Chinese had never had the passion for geometrical models which produced 


; Cf. SCC, vol. 3, p. 484. 
‘A full account of the history of Chinese mathematics is given in SCC, vol. 3, pp. 1-168. 
# This epigrammatic formulation was due to Leopold de Saussure; see SCC, vel. 3, p. 229. 
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Figure 6. Diagram showing the circles of the celestial sphere. Frem SCC, vol. 3, p. 178. 


the Ptolemaic epicycles and ultimately the Copernican solar system, their medieval 
cosmology had been far more modern than that of Europe, for instead of crystalline 
celestial spheres they thought in terms of infinite empty space and an almost infini- 
tude of time.” By 1673 when Ferdinand Verbiest SJ. (Nan Huai-Jen #4 {% 42) was 
reconstructing the Peking Observatory and equipping it with new instruments even 
more accurate than the splendid 13th-century ones of Kuo Shou-Ching 38 F A, 
this was perfectly understood; and the seal was set upon the matter when early in 
the 18th century Antoine Gaubil SJ. (Sung Chiin-Jung K Æ 4) published his great 
works on the history and theory of Chinese astronomy. !! 

Since the breakthrough occurred in Europe first, Europe contributed rather more, 
giving up its crystalline celestial spheres but introducing more refined calendrical 
computations, giving up its Greck ecliptic co-ordinates!* but opening the way into 
those undreamt-of worlds which the telescope would shortly reveal,” and above 
all introducing the new celestial mechanics and dynamics of the age of Galileo. 
Unified astronomy of course profited greatly by the records of celestial phenomena 
(eclipses, novae and supernovae, comets, etc.) which Chinese astronomers had kept, 
as accurately as they could, since the —5th century, and in greater abundance than 
any other culture.!* Lastly one must take account of the fact that if oecumenical 


1 CE SCC, vol. 3, pp. 4.08, 438 ff. © SCC; vol. 3, pp. 350 Ma 367 IY, 451 T. 

IL For the works of Gaubil see SCC, vol. 3. pp. 760 I., Histoire de l-Astronomie Chinoise, Traité de Astronomie Chinoise, 
etc. 
2 SCC, vol. 3, pp. 266 IT. 8 CE Pasquale d'Elia; Needham & Lu Gwei-Djen (1966a). 

+ SCC. vol. 3, pp. 409 ff. These records arc in constant use by astronomers at the present day; ct, for example, 
the current discussion on a nova of +1006 by Goldstein (1965), Goldstein & Ho Ping-Yü (1965), Minkowski (1965), 
Marsden (1965). Gardner & Milne (1965); and another on the saccular deceleration of the earth involving ancient 
eclipse records by Curott (1966). 
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Figure 7. Graph showing transcurrent and fusion points for Chinese and Western science. From Needham (1970), 
Clerks and Crafismen, Fig. gg. 


astronomy today uses exclusively the Greek constellation patterns this is not in the 
slightest degree due to any inherent superiority of these over the entirely different 
Chinese ones; it is simply a side-effect which followed upon the meteoric rise of 
modernscience in the West as a whole. Men like Flamsteed or Herschel would have 
thought it bizarre to speak of Wei Asiu 79 or Thien clu R4% instead of Scorpio,!? but 
there is no intrinsic reason for this; it was an incidental result of the rise of modern 
science in Western civilisation first. One must always be on the look-out for such 
side-effects. At all events by the mid-17th century the union of the two astronomies 
had occurred (Fig. 7). 

One can see how complete this fusion was by taking an example such as the large 
18th-century Korean astronomical screen from the Yi dynasty’s royal palace in Seoul, 
lately deposited in the Whipple Museum of the History of Science in Cambridge 
(Fig. 8).!° To the right it reproduces the classical planisphere of 1395, prepared for 
Yi Thaejo Æ A 4h by Kwon Kun #2 and his colleagues, but though equatorial 
in projection this bears the Chinese names of the Western zodiacal houses round its 


'S Schlegel (1875), pp. 153 fE '© See Needham & Lu Gwei-D jen (1g66b) (Korean Screen). 
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Figure 8. General view of the Korean Astronomical Sercen (in the Whipple Museum of the Histovy of Science. 
Cambridge University). 


periphery. In the centre there are two Jesuit planispheres, ecliptically projected and 
using the Western 360° graduation instead of the Chinese 365'/,° one, yet conserving 
not only the entire pattern of Chinese constellations (quite different from the Western, 
as we have noted) but even the age-old division of the stars into three colours based on 
the ancient star lists drawn up by the —4th-century astronomers, Shih Shen 4 #, Kan 
Te +f 4# and Wu Hsien I," To the left there are diagrams of the several planets, 
with text describing the new discovery of their moons and phases by Galileo and 
Cassini; and sun-spots depicted on the sun, as Chinese astronomers had noted them 
from the -ist century onwards. Further text described the resolution of nebulae, star 
clusters and the Milky Way, with the aid of the telescope. The Jesuit work preserved 
on the screen centres round one of the Directors of the Chinese Bureau of Astronomy, 
Ignatius Kögler S.J. (lai Chin-Hsien 3, 72 8), and it must have been painted about 
1757, not long after his death. '8 

Another striking example can be seen in two Chinese optical virtuosi, Po Yü 
3& 45 and Sun Yiin-Chhiu 3% Æ $k, who lived and worked in Suchow between 1620 
and 1650, making apparatus such as telescopes, compound microscopes, magnifying 


" SCC, vel. 3, p. 263. 

'8 The circumstances ofthe mauer have a special interest because in 1741 a Korean astronomical official on a 
mission to China. An Kuk-Rin <I, had formed a friendship with one of Kegler’saides, André Pereira S,). (Hsii 
Mou-Te #248), whose real name was Andrew Jackson, the only Englishman who is numbered among the roll 
of the Jesuit Mission in China. 








30 50 GENERAL CONCLUSIONS AND REFLECTIONS 


glasses, magic lanterns, etc.!? Po Yü, indeed, may be numbered with Leonard Digges 
and J.-B. della Porta, Lippershey, James Metius and Cornelius Drebbel, and all those 
other figures involved in the invention of the telescope and the microscope in the West. 
It is quite astonishing to find that within a couple of decades seekers in China were 
hot on the same trail. We do not yet know, and perhaps we shall never {ind out, exactly 
how independent they were, possible Jesuit intermediation being in this case obscure, 
but one can certainly say that at a surprisingly early date, 1635, the telescope was 
being applied to artillery in battle in China; and there isa strong possibility that Po Yü 
himself independently invented the telescope by juggling about with combinations 
of biconvex lenses just as a number of the inventors named above did in the West. 
Sun Yiin-Chhiu even wrote a treatise entitled Ching Shih $% $ (History of Optick 
Glasses). Such was the extreme rapidity with which the mathematical and physical 
sciences of the Western and Chinese cultures fused after they first came in contact. 
When you consider an intermediate science like botany, you find a totally different 
picture. It has been most interesting to observe, in work which my collaborators and 
Ihave been doing recently on the history of botany,”® that there was a long delay 
after the first contacts, and one might say that the fusion point in botany did not 
occur until about 1880. Down to that time Chinese botany continued on its classical 
way. The naming, classifying and describing of plants went on along traditional lines. 
Even aslate as 1848 the indigenous style persisted in the important work of Wu Chhi- 
Chiin £098 called the Chih Wu Ming Shih Thu Khao #449 4& GS (Illustrated 
Investigation of the Names and Natures of Plants). Though written at such a recent 
date, this splendid and well-illustrated treatise was entirely traditional in character, 
and did not take any account of the advances in botany which had been made by 
Camerarius and Linnaeus. It is important to notice here that the Jesuit mission of 
the 17th century did relatively little for botanical contacts; indeed what it transmitted 
was westwards rather than castwards, as witness, for example, the Flora Sinensis of 
Michael Boym S.J. (Pu Mi-Ko hif 44) printed in 1656. Moreover it could not have 
transmitted modern botany because its activity was both pre-Camerarian and pre- 
Linnaean in time. But when one comes to 1880, when Emil Bretschneider, the great 
medical officer of the Russian Ecclesiastical Exarchate in Peking, was doing his work 
on Chinese botany, then there began to be Chinese botanists who could speak the 
same language, could talk about Linnaean families and natural families, men who 
understood like European naturalists the function of the flower, and what the micro- 
scope could reveal of plant morphology. This was the time too at which centred the 
great effort of many investigators, indispensable for further development, to establish 
correlation as complete as possible between the Chinese traditional plant names and 
the Linnaean binomials.” Thus one might say that it was not before 1880 that the 
fusion point took place in botany, and a decade or so later might be a better guess. 
Beyond this, when one passes on to medicine, one finds a situation in which the 
fusion of the sciences, pure and applied, in East and West, has not taken place 


19 Sec Needham & Lu Gwei-D jen (1966b). 
20 SCC, vol. G, pl. T. 21 Cf, the works of Bretschneider, which are still quite indispensable. 
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even yet. I dare say that this is the case because, although physicists don’t quite like 
you to say so, and astronomers equally may demur, nevertheless the phenomena of 
these sciences are surely much simpler than those with which biologists have to deal, 
and a fortiori physiologists, pathologists and medical men. Wherever the living cell is 
concerned, and a fertior the living cell in its metazoan forms ofhigh organisation, the 
puzzles are profounder, the tools both practical and conceptual more inadequate, 
the room for doubt greater. However optimistic one may feel as a young biologist 
or biochemist, the secret of life is still not yet just round the next bend. I speak from 
experience. Thus the coming together of the two cultural traditions, the fusion of 
them into a unitary modern medical science, has not even now been effected. 

Many people, of course, when they think of Chinese medicine today, imagine it 
as some kind of ‘folk-medicine’, something bizarre and quite outdated, some sort of 
meaningless curiosity, but in truth these are all entirely wrong ways of reacting to it. It 
is, one must say, the product ofa very great culture, a civilisation equal in complexity 
and subtlety to that of Europe.?? While conserving a medieval body of theory, it 
contains a wealth of empirical experience which has got to be taken account of. Just 
as in other science, we can find many Chinese priorities; for example the compilation 
of a great classificatory description of disease entities without therapeutic material, 
the Chu Ping Yiian Hou Lun 3% JA If 1% #® (Systematic Treatise on Diseases and their 
Aetiology}, by Chhao Yiian-Fang 4 Jt F in + 610,73 a whole millennium before Felix 
Platter? and Thomas Sydenham.” Or again the first handbook of forensic medicine 
in any civilisation, the Hsi Fian Lu jt ®% 4% (Washing Away of Wrongs) by Sung ‘l’zhu 
RÆ (1247),° appeared a considerable time before the European foundation-stones 
of the subject, the books of Fortunato Fedele?’ and Paolo Zacchia.”* However, the 
rationale of some of the most important Chinese therapeutic practices, such as 
acupuncture, to which I will return in a moment, is not yet clearly understood; and 
obviously not all the drugs of the very rich traditional Chinese pharmacopoeia have 
yet been thoroughly examined from the biochemical and pharmacological point of 
view. 

Equally important, there has until now been little unification of concepts. The 
original stimulus for this study arose indeed from problems of translation and tech- 
nical terminology. [n all the inorganic sciences Dr Wang Ling (Wang Ching-Ning) 
and I found long ago that once you know exactly what the ancient or medieval 
Chinese writer is talking about you can find the occidental equivalent for his words 


22 Palos (1963) rightly emphasises this. 

3 There is no adequate translation as yet of any part of this remarkable work, but in the meantime a paper by 
Rall (1962) may be referred to with due reserve. 

4 1536 to 1614 Garrison (1929), pp. 271 fE; Gastiglioni (1947), pp. 429, 441, 452; his Praxis Medica (1608) has heen 
described as the first attempt at a systematic classification of discases. 

5 1624 to 1689 Garrison (1929), pp. 269 If; Castiglioni (1947), pp. 546 IT: his Observationes Medicae (1676), De 
Podagra et Hydrope (1683) and Opera Universa (1685) werc all outstanding for their pathognostic descriptions. 

26 Partial translation by Giles (1924). 

5 1550 to 1630 Castiglioni (1947), p- 557; his De Relationes Medicorum (1602) defined the subject. i 

1584 10 1659 Castiglioni (19-47), p. 557: his @naestiones Medico- Legales (1635) is the greatlandmark in the European 

history of forensic medicine. 
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without too much difficulty, and everything makes good sense. So for example one 
can converse with him across the centuries about solstices (chth £) or equinoxes (fen 
4), square roots (khai fang BFF) or comets (hui hsing # £), Lowitz arcs (thi tE), rock- 
salt and brachiopods (shih yen AA $, written in two different ways); equally in 
the technological world about norias (thung chhe % Æ), water-powered reciprocating 
engines (shui phai 2k 4) or chain-and-link work (thieh ho hsi 4% #3 RR). This is true 
only to a slightly lesser extent in fields such as botany and zoology, where sui & is 
a spike or raceme and thai 4 a capitulum or flower-head, while the corolla (pa 48) 
is clearly distinguished from the calyx (o 3£). Similarly wei $ cannot mean anything 
but the stomach of an animal nor fan chhu wei $F anything but a rumen. Alchemy 
and early chemistry have their own special problems exactly as they do in the West 
and for the same reasons, of purposive concealment and the like, but even amidst 
the spagyrical flights of poetic fancy there is far greater regularity than might be 
supposed, so that the ‘river chariot’ (ho chhe #7] B.) always means metallic lead,?? and 
the food left behind by Yü the Great’ (Vri yü liang B @ #8) always means brown nodu- 
lar masses of haematite (ferric oxide). China, moreover, had her Martin Ruhland, 
but her Lexicon Alchemiae was nearly 1,000 years older than his, the Shih Jeo Erh 1a 
A #8 FF FE (Synonymic Dictionary of Minerals and Drugs) by Mei Piao 4% F%, c. 
+806, and it is extremely useful still today. Similarly, on the technological side fan 
48 is always alum, shih tan A ff always copper sulphate, and huo yao KŻ , the 
‘fire chemical’, never means anything else than a gunpowder composition. On the 
whole the terminology of medieval Chinese chemistry, though far from unravelled 
as yet, presents no fundamental difficulties. Dr Ho Ping-Yü and I have found that 
it is quite possible to make medieval Chinese alchemical writing intelligible, though 
many years must pass before all its secrets become known. 

But it is when one comes to the medical sciences that the translator finds himself in 
a really embarrassing position. Medical texts bristle with technical terms for which 
no equivalents in Western languages exist, some being ordinary words like han Æ 
(cold) used in a highly technical sense, others specially constructed ideographs (often 
using the ‘disease’ radical), for example, i #€ (infectious epidemic illness), meh or 
yao JÆ (malaria-like fevers) or li ij (dysenteries of various origin). The key words of 
the highly systematised medical philosophy are the most difficult, for even Chinese 
lexicographic works do not clare to define them, since it was always expected that 
physicians would acquire their correct usage during long apprenticeship. Nowadays, 
to be sure, there are many works produced by the schools of traditional medicine 
in China which help to expound the terms, though not of course to translate.them. 
Since there can be no exact equivalents in the Western world, where the evolution of 
physiological and medical thought followed very different courses, my collaborators, 
especially Dr Lu Gwei-Djen, and I, are adopting a new technique in translation, 
i.e. constructing an entirely fresh series of ‘words of art’ from Greek and Latin roots 
designed to express the innermost senses of the Chinese medical technical terms, 


$i -n ' : ; ; 
4 But caveat emptor, of course, for in medico-physio-logical terminology the same words mean the placenta. 
J S C 





>one 
(fen 
rock- 
ly in 
atng 
true 
{2 is 
a ff) 
hing 
emy 
West 
nidst 
t be 
and 
odu- 
and, 
h la 
Bc. 
e fun 


the 
1 the 
elled 
that 
ugh 


Ifin 
hich 
1k 
ften 
k or 
ls of 
dese 
that 
ays, 
tine 
em. 
nof 


50 GENERAL CONCLUSIONS AND REFLECTIONS 33 


and then using them systematically." All other possible procedures are open to the 
gravest objections; to leave the terms untranslated makes the result unreadable; te 
translate them by mechanical use of the dictionary makes it archaic, quaint and 
ridiculous as well as incorrect; while to seek to replace them by modern technical 
terms in current use is liable to distort the traditional ideas in a very dangerous way. 
The effect of our method is to make the medieval Chinese physicians talk like 16th- 
and 17th-century European medical writers, Ambrose Paré or ‘lhomas Willis, in the 
same genre as it were, but obviously in a completely different tradition, and this is 


just the effect desired. 


Now what all this essentially means is that the medical philosophies and theories 
of China and the West are by no means as yet mutually expressible, so that we 
have a situation quite different from what pertains in the inorganic and the simpler 
organic sciences. Indeed there are important technical terms in Chinese medicine, 
such as hsi ff and shih &, piao Æ and li ¥, which almost defy any rendering 
in a Western language — almost but, we believe, not quite.’ Such considerations 
came very prominently to mind during the discussions which Dr Lu and I had with 
Professor Chhen Pang-Hsien f 48%, the eminent historian of medicine, and other 
colleagues, in Peking in 1958; and it was out of them that the ideas expressed in the 
present paper first arose. 

One finds oneself obliged to speak (as herein I do) of ‘modern-Western’ medicine. 
It is not fair to call it just ‘Western’ as if it was wholly on a par with ‘Chinese’ or 
‘Indian’ medicine, because it is palpably based on modern science in a way which 
the medicine of the non-European civilisations is not; but it is equally unfair to call it 
blandly ‘modern’ medicine, because that implies that no non-European civilisation 
has anything to contribute to it. On the contrary, truly modern and oecumenical 
medicine will not come into being until all these contributions are gathered in. 
Therefore I contrast ‘modern-Western’ with ‘Chinese-traditional’ medicine. 

Let us now examine more closely the transcurrent points rather than the fusion 
points. One can hope, I believe, to define a certain number of moments in history 
when modern science, as we know it in the West since the time of Galileo, took 
clearly and decisively the lead over against Chinese science. One has to remember of 
course the earlier situation, pertaining in the Middle Ages, when nearly every science 
and every technique, from cartography” to chemical explosives,” was much more 
developed in China than in the West. From the beginning of our era down almost to 
the time of Columbus, Chinese science and technology had very often been far ahead 


30 Yor example. we composed the word enchymoma. See SCC, vol. 5, pt. 5, pp- 27 fE 


4! “Thus we propose for their cquivalents respectively ‘eremotic, plerotic, patefact and subdite’. Necdless to say, the 
systematic use of such language in the translation of medical texts will be preceded by a deep analysis of the content 
of the Chinese terms and a semantic Justification of the linguistic components chosen in the construction of their 
equivalents. @bviously the whole task is onc of extreme difficulty, not only because of the conceptual discordance 
between the cultures, but also because naturally Chinese medical terminology changed slowly through the centurics. 
Nevertheless the ideas can, we believe, be harmonised ifsulliciently understood; and therc is a sulficient consensus 
in the language of Chinese medicine to allow of first-approximation Graeco-Latin equivalents to be very widely 
valid. 

32 See SCC, vol. 3, pp. 525 T 33 SCC. vel. 5, pt. 7. 
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of anything that Europeans knew. Just to take only one er two examples, seismology 
was cultivated in China gencrations before the West, Chang Heng 5f #7 in the +2nd 
century devising apparatus for locating the azimuth direction of the epicentre and 
recording the force of the shock.** So also while the Roman agriculturists despaired 
of classifying and describing soils, their Chinese equivalents before the +2nd century 
had brought into use more than fifty definable pedological terms, at the same time 
laying the foundations of all oecology and plant geography.” @r again, nobody 
in Europe (that Europe of the later-boasted ‘iron horse’ and irresistible ‘ironclads’) 
could reliably obtain a single pig of cast iron until about +1380, while the Chinese 
had been great masters of the art of iron-casting ever since the ~1st century.3° The 
standard method of interconversion of rotary and longitudinal motion, the eccentric, 
connecting-rod and piston-rod assembly, was not known in Europe before about 
+1450 but it had been fully at work in China since +970 and the combination of 
the first two components of it goes back there to +600 at least.’ This is why I have 
elsewhere said that Chinese physical science attained a Vincian but not a Galilean 
level.8 When then can we find these turning points of transition, these transcurrent 
points, as [ call them, when modern science and technology originating in the West 
decisively took over from the Chinese level? 

In the case of mathematics, astronomy and physics, I think one can say that it 
happened almost at the same time as the fusion point, or only a very short time 
before. What the Jesuits brought to China included of course Euclidean geometry 
and Ptolemaic planetary astronomy, both of which were very ancient, and certainly 
not part of modern science. But they also brought the algebraic notation of François 
Viète, which had only just been developed in the middle of the 16th century,” and 
later the logarithms of John Napier; and above all they brought the new dynamics, 
mechanics and optics of Kepler and Galileo. It is interesting to reflect that Tycho 
Brahe, the observational father of modern astronomy, filling his ledgers of data on 
the island of Hveen, was a patently Chinese figure, not in technique or conception 
much more advanced than Shen Kua jġ4% or Su Sung 4 44; it was only the next 
generations that begin to overpass the Chinese levels. Altheugh the Jesuits played 
down the Copernican theery itself they gave full publicity to the results which Galileo 
obtained with the telescope from 1610 onwards.” It will be remembered that he got 
the idea of the telescope from Holland*! and then made his own, after which things 
began to happen very quickly. In mathematics, astronomy and physics, therefore, it 


ee SCC, vol. 3, pp. 626 f. 

33 ‘There arc good studies in Chinese of this birth time of pedology, occology and plant geography, but litle in 
Wesrern languages. See, however, SCC, vol. 6, pt. 1, pp. 56 f. 

“8 See Needham (1958b). 

37 See SCC, vol. 4. pt. 2, pp. 369 A. 380 Œ; Needham (1963). In SCC about two centuries of priority could be 
substantiated, but the discevery by Cheng Wei 284 of a scroll-painting of c. +970 by Wei Hsien ###, depicting 
a large water-mill which includes a reciprocating bolter, gives about five centuries. As for the connecting-rod and 
eccentric only, see SCC, vol. 4, pt. 2. P. 759. 

18 SCC, vol. 3, p. 160. 39 SCC, vol. 3, p. 438.” Needham & Lu Gwei-Bjen (19665). 

+ The ‘optic tube’ or reflecting telescope had, however, apparently been known and used in England since a 
date between 1540 and 1559. Sce Ronan (1991). 
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would seem that the transcurrent point came only afew decades before the fusion 
point. 

In botany, on the other hand, there was, as we have seen (Fig. 7), a great time-lag, 
because the fusion point did not occur until after 1880. The transcurrent point we 
should have to put as occurring some time between 1695, when Camerarius first 
demonstrated the nature of the flower, Linnaeus’ prime in 1735, and the restorative 
work of the great Adanson in 1780. Were it not for the fact that the Linnaean sexual 
system of classification was a sort of branch-line or siding, and not in the main line 
of advance, one might be tempted to say that Chinese botany attained a Magnolian 
or Tournefortian, but not a Linnaean level. But it would perhaps be fairer to take 
Adanson as the turning-point about 1780 and to say that then it was that botany in 
the West began to be decisively ahead of Chinese botany. Yet after that there was in 
China a lag of some hundred years, between 1780 and 1880, hence the feelings of 
superiority of the early 1gth-century plant collectors, admirers though they were of 
the Chinese horticulturists whose gardens they delightedly pillaged.” 

Next then we come to consider the question when did Western medicine deci- 
sively draw ahead of Chinese medicine? I confess that the more we think about it 
the later we are inclined to put this moment. I am beginning to doubt whether the 
transcurrent point was really much earlier than about 1900, perhaps 1850 or 1870. 
There are many things to be considered.** One has to weigh, for example, the clini- 
cal discoveries (Morgagni and Auenbrugger, 1761; Corvisart, 1808; Laënnec, 1819);** 
the rise of pharmaceutical chemistry (Pelletier & Caventou, 1820) with the study of 
alkaloids as its centre;*> the new understanding of neurophysiology (Bell, 1811; Ma- 
gendie, 1822); the development of bacteriology after Pasteur (1857);*° the growth of 
immunology from Jenner c. 1798 (itself originating from a Chinese technique, vari- 
olation); the development of antiseptic surgery (Lister, 1865) and anaesthesia (18.46); 
radiology (Röntgen, 1896), radiotherapy (the Curies, 1901) and radio-isotopes ( Joliot- 
Curie, 1931); then parasitology with the discovery of the malaria plasmodium and its 
life-cycle (Laveran, 1880; Ross, 1898); eventually the coming of vitamins (Hopkins, 
1912),*’ sulpha-drugs (Domagk, 1932), antibiotics (1940) and so on."® All this requires 
more thought, but if therapeutic success rather than diagnostic understanding is 
taken as the criterion, I suspect that it was not much before rgoo that medicine in 


# See the monograph by Cox (19-45). 

H3 Here a valuable help is the monograph of Kecle (1963) on the cvolution of clinical diagnostic methods. 

1 Pathological anatemy, percussion, auscultation, the invention of the stethoscope. The thermometer came 
somewhat earlier, the sphygmograph much later. 

$ Isolation of strychnine and quinine; there is a fine statue commemorating these two chemists on the Boulevard 
St Michel in Paris. 

© Necessarily involving microscopy. A landmark in this was Beale’s The Microscope in Medicine and its Application te 
Clinical Medicine (1854). 

47 Biochemistry was to contribute fundamentally of course to clinical diagnosis as well as treatment but net much 
before the 20th century. Qualitative and quantitative urine analysis was how it began. This was first systematised 
by Neubauer & Vogel in 1866, in a book to which I remember referring myselfin my young days. 

# The other side of the medal is how long medieval practices continued in Europe. Galenic pulse-lore was still 
being systematiscd in 1828, and the Manchcster Royal Infirmary ceased its bulk purchasing of lecches only in 1882. 
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the West drew decisively ahead of medicine in China.*® Naturally, terms need carc- 
ful definition. The work of Vesalius was not done in vain, and surgery and morbid 
anatomy were therefore correspondingly far ahead of China already by 1800. It may 
well be that all the sciences basic to medicine were much more advanced throughout 
the 19th century than what was known in China, and this must certainly be true 
of physiology as well as anatomy; yet from the point of view of the patient these 
branches of knowledge were rather slow in application, so that if we judge strictly 
clinically, the patient may not have been much better off in Europe than in China 
before the beginning of the 20th century.” In one single day in 1890 my father, him- 
self a physician, lost both his first wife and belovecl teenage daughter ol diphtheria, 
no antitoxin being then available, though in later years he could constantly use it. I 
mention this family tragedy in order to emphasise that it may be an entire illusion to 
suppose, as so many do, that European medicine enjoyed a serene superiority over 
Chinese medicine throughout the 18th and 19th centuries. The ‘enteric fever’ of the 
Boer War could be another striking example. So when one finds a traveller like Dr 
Dinwiddie, who accompanied the Macartney Embassy to China in 1793, putting 
on airs of great superiority about Chinese science and medicine, one realises today 
that he had very little reason for being so pleased with himself’! By 1900, of course, 
perhaps even by 1870 or 1885, there were very good and solid reasons. But if the 
change-over or transcurrent point came so late, what is certain is that the fusion point 
has not even yet been attained. Indeed many decades must doubtless pass before this 
is achieved. Today the traditional medical doctors in China are working side by side 
with what we may call the ‘modern-Western’ physicians in full co-operation.°? This 
is avery remarkable fact, which my collaborators and I have ourselves seen, in 1952. 
1958 and 1964. It has been brought about in China by national renaissance, social 
conditions, and the paucity of medical doctors trained in modern style, during the 
past fifteen years. The two types of physicians and surgeons have joint observations, 
joint clinical examinations, and there is the possibility for patients to choose whether 
they will have their treatment in the traditional or the modern way; in other cases 
the physicians themselves decide which is best and proceed to apply it. And if one 
reads the Chinese Medical Journal, for example, carefully, one will find certain fields, as 
for instance the treatment of fractures, °? where prolonged consideration has decided 
that in fact there were many valuable features in the traditional methods, and what 


+% To take wo last examples, the clectro-cardiogram dates only from 1903 and the electro-encephalogram only 
from 1929. 

5® In 1826, the year of Laénnec’s death and the appearance of D. M. P Martinet’s significant Manuel de Pathologie, 
the basic sciences, says Kecle, received more lip-service than application in the practice of medicine, even in France 
where there was most awareness of their value. 

51 4 fortiorihis even more self-satisfied colleague, the surgeon Dr Gillan; see the papers of the McCartney Embassy 
recently published by Cranmer-Byng (1962). 

5? This raises questions about traditional Chinese conceptions of clinical diagnostic method, regimen and 
therapy, as well as the nature of the medical philosophy itself; We cannot go into these here hut must refer the 
reader te SCC, vol. 6, pt. 6. In the meantime we may cite as the least misleading among Western books about 
Chinese medicine, the following publications: Hume (1940); Morse (1934); Beau (1965); Palos (1963); Chamfrault 
& Ung Kang-Sam (1954). 

3 Sce the series of papers by Fang Hsien-Chih X #Z etal. (1963-4). 
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isin use now is a combination ofthe two, the Chinese and the Western. Such fusion 
is going to happen more and more, giving rise to a medical science which is truly 
modern and oecumenical and not qualifiedly modern-Western. Here is only one 
example of it. 

Now I shall say briefly something more on the question of acupuncture. As is gen- 
erally known, this is a method of therapy, developed some 2,000 years ago, which 
involves the implantation of very thin needles into the body in different places ac- 
cording to a scheme or chart based on traditional physiological ideas and thoroughly 
systematised at an early date, certainly by the Thang and Sung periods.>+ We our- 
selves have seen the way in which this implantation of needles is done, attending 
acupuncture clinics in several Chinese cities. The method is still used very widely 
indeed in China at the present day. The problem arises of how its action can come 
about, and one may say without fear of contradiction that there are dozens of lab- 
oratories in China and Japan at the present day which are actively working with 
modern methods of a physiological and biochemical character to elucidate what 
happens. There are many possibilities; for example, that the stimulation of the auto- 
nomic nervous system by this method may increase the antibody titre in the blood, 
or increase the cortisone production by the suprarenal cortex, or it may exert a neu- 
rosecretory influence upon the pituitary gland. A wealth of experimental approaches 
lies open.” Moreover, it must be recognised that the acupuncture system connects 
in many ways with assured facts in neurophysiology, notably the Head Zones of 
the skin in mammals, which are related with specific viscera, and the remarkable 
phenomena of referred pain. 

No one will ever really know the effectiveness of acupuncture or the other special 
Chinese treatments until accurate clinical statistics have been kept for several decades. 
The Chinese are not getting around to this at the present ume [1967, Ed.] because 
the practical job of looking after the health of 700,000,000 people does not readily 
permit it, but I have no doubt that within a century accurate clinical statistics will 


>+ Though there are many more recent books in Western languages, those of Soulié de Morant (1939) have not 
been superseded. From 1go: he studied directly under twoeminent physicians named Yang and Chang, respectively, 
at Peking and Shanghai; and thirty years later, on returning 10 France, he set forth at length the classica! system 
of acupuncture. Among the writings derivative from this tradition are those of Baratoux (1942) and the Lavergnes 
(1947). Since then sevcral different strains of transmission have led to Europe. From Formesa the influence of 
Wu Hui-Phing &4* has gcncrated the books of Lavier, Moss and the Lawson-Woods. From Victnam that of 
Nguyen van Nha has affected those of Mann. Japanese studies have also exerted influence in Europe (Nakayama 
and Sakurazawa). In approaching acupuncture through the works of representatives of the present-day European 
practitioners some reserve should be exercised, for (a) very few of them have had linguistic access to the voluminous 
Chinese sources of many different periods, (b) it is often not quite clear how far their training has given them direct 
continuity with the living Chinese clinical traditions. (c) the histery in their works is generally quite unscholarly, 
and accounts of thcory very inadequate. and (d) their works are naturally much influenced by Western concepts 
of disease actiology and semctography so that they secm not to practise the classical Chinese methods of holistic 
classification and diagnosis. Nevertheless, pending the historical and theorctical acceumt which we ourselves hope 
to give in SCC, vol. 6, pt. 6, this literature has its value. A brief and anonymous but authoritative statement issued 
by the National Academy and Research Institute of Chinese ]'raditional Medicine at Peking a few vears ago is an 
important docuinent. 

” Jt is hard to give any adequate references here since so much of the fitcrature is published in Chinese and 
Japanese, and in journals both difficult of access and not sought after by Western medical libraries. Much time 
must yet, ] fear, elapse before all this is digested into a form availabic to the world scientific and medical public. 
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be kept, and this will be a fundamental contribution to our knowledge of traditional 
Chinese medicine. 

Aview commonly expressed (mostly by Westerners) is that acupuncture acts purely 
by suggestion, like many other things in what they often call ‘fringe’ medicine. This 
is, I believe, a question of what one might call relative credibility (or perhaps the 
calculus of credulity), a choice of what is the most difficult thing to believe. I must 
say that to my mind it is more difficult to believe that a treatment which has been 
engaged in and accepted by so many millions of people for something like twenty 
centuries has no basis in physiology and pathology, than to believe that it has been of 
purely psychological value. Of course it is true that the practices of phlebotomy and 
urinoscopy in the West had excecdingly little physiological and pathological basis 
on which to sustain their extraordinary and long-enduring popularity, but none of 
these had the subtlety of the acupuncture system. Possibly blood-letting had some 
slight value in hypertension, and extremely abnormal urines could tell their story, 
but neither contributed much to modern practice.°® I can only say that for my own 
part I find the purely psychological explanation of acupuncture much more hard to 
credit than an explanation couched in terms of physiology and pathology. Animal 
experiments, where the psychological factor is ruled out, support this opinion. My 
own view is that in due course the scientific rationale of the method will be found. 
But until itis, Chinese and modern-Western medicine will not have fused. 

Something more remains to be said about the theoretical setting of acupuncture 
and other traditional methods, such as the medical gymnastics for example which 
originated very early in China.’ I have in mind the relative value placed in Chinese 
and Western medicine on aid to the healing power of the body on the one side, and a 
direct attack on the invading influences on the other. Now in Western medicine and 
in Chinese medicine alike these conceptions are both to be found. On the one hand, 
in the West, besides the seemingly dominant idea of direct attack on the pathogen, 
we have also the conception of the vis medicatnx nalurae, which my father was always 
telling me about when I was a boy; for resistance and the strengthening of resistance 
to disease is an idea strongly embedded in Western medicine from Hippocrates 
and Galen onwards. On the other hand, one can also affirm that in China, where 
the holistic approach might be thought to have dominated, there was the idea of 
combating external disease agents, whether these were sinister prewnata, the hsieh chhi 
JPA from outside, of unknown nature, or whether they were distinct venoms or toxins 
left behind for example when insects had been crawling over food — this is a very old 
conception in China ~ so that the combating of external agents was certainly present 
in Chinese medical thought too.”® ‘This may be called the 7 liao $ J® aspect (or, in the 
ordinary parlance, chihping y§ 4%); and the other one, the zis medicatrix naturae, was what 


5 On these see the books of Keele (1963) and Brockbank (1954). Keele rightly congratulates the ancient Chinese 
on their freedom from ‘magico-religious concepts of disease’, though he calls their traditional medical philosophy 
‘metaphysical’, but he might have added that they were also always free from that individual gencthliacal astrology 
which played so painfully prominent a part in medieval European medicine, as he himself shows. 

57 Cf Dudgeon (1895). 8 See Needham & Lu Gwei-D jen (1962). 
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was meant in China by yang sheng #4, the strengthening of resistance. Nevertheless 
I think it is clear that whatever the acupuncture procedure does, it must be along 
the lines of strengthening the patient’s resistance (e.g., by increasing the antibody 
or cortisone production), and not along the line of fighting the invading pnewmata 
or organisms, venoms or toxins, 1.e. not the characteristic ‘antiseptic’ attack which 
naturally has dominated in the West since the time of origin of modern bacteriology. 
This is shown by the significant fact that while Westerners are of ten prepared to grant 
value to acupuncture in allections such as sciatica or lumbago (for which modern- 
Western medicine can do very little anyway), Chinese physicians have never been 
prepared to limit either acupuncture or the related moxa (mild cautery and heat- 
treatment) to such fields; on the contrary they have recommended and practised it 
in many diseases for which we believe we know clearly the invading organisms, for 
example, typhoid, cholera or appendicitis, and they claim at least remission if not 
radical cure. The effect is thus cortisone-like. It is surely very interesting that both 
these conceptions (the exhibition of hostile drugs and the strengthening of the body’s 
resistance) have developed in both civilisations, in the medicine of both cultures; and 
one of the things which any adequate history of medicine in China will have to do 
will be to elucidate the extent to which these two opposite ideas dominated in the 
systems of East and West at different times. 

These remarks would not be complete without a reference to the importance of 
the traditional Chinese pharmacopoeia. I do not think that anyone today is inclined 
to despise pharmacopoeias of a traditional or empirical character developed among 
non-European peoples.’” Since the recognition of the use of ephedrine from Ephedra 
sinica in the Chinese pharmacopoeia, one of its greatest triumphs, there have been 
many more shocks administered to pharmacologists in the West, as, for example, the 
famous case of Rauwolfia with its numerous powerful and highly peculiar alkaloids. I 
suppose that the whole modern science of chemotherapy has been closely connected 
with, 1f not directly dependent on, the investigation of naturally occurring drugs of 
an alkaloidal or otherwise highly complex organic character. The pharmacopoeia 
in China is in fact full of things which are of great interest from this point of view. 
When I was in China during the war running a scientific liaison mission between 
the Chinese and the Western allies, as Director of the British Scientific Mission in 
China, I had a good deal to do with Dichroa febrifuga (in Chinese chhang-shan ‘®\\1). 
People were looking about very urgently for anti-malarials other than quinine, and 
chhang-shan was therefore studied a good deal. Various pharmaceutical laboratories 
in China worked on it, gaining positive results early on in the war; these were doubted 
in the West, but eventually at the National Institute of Medical Research Dr Thomas 
Work made a study of it and it has turned out to be a quite powerful anti-malarial.©” 
Its interest is indeed somewhat impaired by a variety of side-effects, presumably due 


59 See, for example, the symposium recently edited by Chhen Kho-Khuei, Mukerji & Volicer (i965). Or the 
monograph of Mosig & Schramm (i955). 

°° See Chang Chhang-Shao (1945); Fu Feng-Yting & Chang Chhang-Shao (1948); Chang, Fu, Huang & Wang 
(1948); Tonkin & Work (1945); Duggar & Singleton (1953). 
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to other substances present, but if the active principle could be purified (and I am 
not quite sure how far this has been done) it could be a valuable medicament. 

The naming of plants in the Linnaean system after personal names is often re- 
garded as very modern, but sometimes the names of particular people were given 
to drug plants in China too. There is one, for example, called shih chiin tzu 1% A F 
named after a physician Kuo Shih-Chtin 384% Æ who studied and used it in the 
Wu Tai or Thang period about the +1eth century. This is @wisqualis indica (or Ran- 
goon creeper), a really valuable anthelmintic, especially in paediatric use, and still 
employed today on a wide scale. 

If we may now sum up the results of our meditation so far we can make a very 
simple table to assemble certain figures that have been mentioned, and to accompany 


Figure 7. 





|| Science Transcurrent point Fusion point Lag in years 








| Mathematics, 1610 1640 
Astronomy, Physics 
| Botany 1700 1880 
or 1780 1880 
Medicine 1800, 1870 or 1900 not yet 








From this one might be tempted to deduce quite tentatively a ‘law of oecumenogen- 
esis which would state that the more organic the subject-matter of a science, the 
higher the integrative level of the phenomena with which it deals, the longer will be 
the interval elapsing between the transcurrent point and the fusion point, as between 
Europe and an Asian civilisation. If this were in general principle right one might 
try to test it by looking into the history of chemistry in East and West, for which one 
would expect a figure intermediate between those for the physical sciences and for 
botany. 

This subject bristles with difficulties partly because of the contingent historical 
trends which intervene. Chemistry as we know it is of course a science like that of 
the branch of physics which deals with electricity — wholly post-Renaissance, indeed 
18th century in character. The pre-history of chemistry goes far back into antiquity: 
and the Middle Ages, and it does so in China at least as much as the West.®! In 
the West there were first the mystical aurificers of Alexandria, and in the East at 
the same time the pharmaceutical alchemists of China.® There is overwhelmingly 


5! See SCG, vol. 5, parts 1, 2, 3, 4, 5, 6, 7 and g of which are already published. [ may also refcr to the pioneer 
book of Li Chhiao-Phing # ## (1948). Studies of particular fields reach, as usual, a more scholarly level; see. 
for example, Dubs (1947); Sivin (1965); Ho Ping-Yui A AW & Needham (1959¢); Tshao Thien-Chhin 8% $k. Ho 
Ping-Yii & Needham (1959). The brief chapter in Leicester’s (1965) handbook is balanced and perceptive. See also 
the monograph of Eliade (1956), full of insights. 

6? These terms are ‘words of art’. The Greek aurificers were aurifictors, imitating gold but notbelieving that they 
could make it from other substances. But the essence of alchemy is macrobiotics, the chemical search for means 
of longevity and material immortality, and the combination of this with belief in aurifaction was fundamentally 
Chinese. 
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strong ground for believing that Arabic alchemy was influenced from China (even 
the very name is probably Chinese in origin), and that it handed on its alchemical 
affatus, coupling the art of making gold with that of finding the elixir of immortality, 
to the European alchemists of the +1eth to the +15th centuries whose triumphs 
included the discovery of alcohol.°* Vast treasuries of Chinese alchemy from the 
+3rd to the +14th centuries are contained in the Tao Tsang W #&, or Taoist patrology, 
and besides all this there are rich texts of other genres which tell of metallurgy and 
the chemical industries. When Paracelsus in the +16th century inaugurated iatro- 
chemistry he was only copying unknowingly in Europe just what had come about in 
China somewhat earlier, with the diflerence that in that culture there had never been 
any prejudice against mineral remedies. So brilliant was the iatro-chemical period 
in China (+11th to +17th centuries) that it has been possible to show how the adepts 
of those times were able to prepare nuxtures of crystalline steroid sex hormones and 
use them for therapy in cases for which they are normally prescribed today.” 


But all this was not theoretical modern chemistry. The foundations of this werc laid, as 
everyonc knows, during the later 18th and early 19th centuries, with the exploration of 
the nature of gases by Priestley and others (1760 to 1780), the ‘revolution in chemistry’ 
effected by Lavoisier (1789), and then the atomic theory of Dalton (1810) followed by 
the far-reaching insights of the founder of organic chemistry Justus von Liebig (1830 
to 1840).® This was already the beginning of the Opium Wars and the Thai-Phing 
AF Rebellion, but as soon as quict recurred in China and modern science was 
able to strike roots again, chemistry in its new forms was introduced. ‘here were 
no obstacles to fusion, because there had been no competing Chinese theories in 
the past;®” the basic facts of chemical change which alchemists, industrial workers 
and medical doctors had long known fitted simply into the new explanations, the 
superiority of which over the traditional Yin and Yang and Five-Element theories 
was much more obvious here than in physiology or medicine. Modern chemistry was 
taught at all the Chinese universities after 1896, and books on it had been published 
by the Translation Department of the famous Kiangnan Arsenal from the time 
of its foundation by Ting Jih-Chhang J § in 1865 onwards. Private institutions 
such as the Ko Chih Shu Yuan 4% Z & f at Shanghai, which opened in 1874, also 
propagated chemical knowledge. It may therefore be quite fair to set a period of 
some eighty years, say between 1800 (the approximate transcurrent point) and 1880 
(the approximate fusion point), as the time elapsing. This evidently fits in adequately 


63 Etymologics of‘chem- trom Greckor Egyptian roots havinglong been notoriously unconvincing, its derivation 
from Chinese chin & (gold) or chin 12 i& (gold juicc) was suggested independently in 1946 by the writer (Needham 
(1946) and Mahdihassan (1962)), who since then has elaborated the equation in many papers. This view has now 
gained general acceptance (sce. ¢.g., Dubs (1961), and Schneider (1959). 

st Cf. the masterly little books of Sherwood Taylor (1951) and Holmyard (1957). Sec also Partington (1961). 

85 See Lu Gwei-Djen & Needham (196.4). 

oP Cf the usual accounts: Thorpe (1921); Lowry (1936); Partington (1957). 

8? This does not mean that there were no theories in Chinese alchemy and chemical industry, but they always 
remained essentially medieval in type (cl. Ho Ping-Yii & Needham (1959¢)). 

88 This was headed for a time by Wang Thao £ #, the Chinese collaborator of the great sinologist James Legge. 
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with the general picture, but I should not like to put too much emphasis on it, partly 
because of the adventitious historical circumstances, and partly because modern 
chemistry, as a relative late-comer in modern science, had no alternative system 
te meet with when it reached the Chinese culture-area, as all the other sciences 
considered had. 

In conclusion, then, what we have done here is to examine the time elapsing 
between the first sprouts of particular natural sciences in their modern forms in European 
culture, and their fusion with the traditional forms as Chinese culture had known 
them, to form the universal oecumenical body of the natural sciences at the present 
day. The more ‘biological’ the science, the more organic its subject-matter, the longer 
the process seems to take; and in the most difficult field of all, the study of the human 
and animal body in health and disease, the process is as yet far from accomplished. 
Needless to say, the standpoint here adopted assumes that in the investigation of 
natural phenomena all men are potentially equal, that the oecumenism of modern 
science embodies a universal language that they can all comprchensibly speak, that 
the ancient and medieval sciences (though bearing an obvious ethnic stamp) were 
concerned with the same natural world and could therefore be subsumed into the 
same oecumenical natural philosophy, and that this has grown, and will continue 
to grow among men, fart passu with the vast growth of organisation and integration 
in human society, until the coming of the world co-operative commonwealth which 
will include all peoples as the waters cover the sea. 
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() THE NATURE OF CHINES Ess OGTE Wy: 
A TECHNICAL INTERPRETATION! 


Hrane JEN-YU #42 AnD JesepH NEEDHAM 


(1) INTR@DUCTION 


When the People’s Republic of China was established in 1949, many external ob- 
servers believed that the new leadership would break away completely from old 
traditions. Today, nearly half a century later, the epoch-making effect of the revo- 
lution is clearly seen, yet it has also become increasingly evident that China’s social 
and cultural heritage has been subsumed in the new order. It will undoubtedly exert 
great influence in determining the destiny of mankind in the future, and not only 
that of the Chinese themselves. 

The historical continuity of the most populous country in the world has sometimes 
been regarded as a triumph of intellectual guidance. Many Western scholars have 
found theoretical points in common between Chinese communism, Confucianism, 
Taoism and even Buddhism. Such connections can be substantiated in a number 
of ways, though points of difference are also many; but it is easy to over-stress the 
influence of philosophers and to minimise the effect of concrete environmental and 
economic factors. 

The formation of the Chinese ethos is of course a topic lending itself to a variety of 
interpretations. But as we see it, the importance of ideology, however great, can never 
obscure the basic fact that underneath lie the material forces of climate, geography 
and social integration. Chinese history differs from that of all other civilisations in 
the world because during the centuries before our era China had already developed 
a centralised political system, and since this could necessarily command only quite 
primitive technical support, it constituted a very bold advance indeed. The high 
degree of centralisation attained did not, however, grow out of the imagination of 
political thinkers; it was imposed by circumstances, geography being a leading factor. 
During subsequent centuries this centralised system had to be continually refined 
and sustained until China’s political and ethical maturity ran far ahead of the devel- 
opment of other institutions, such as diversified economy, codified civil contractual 
law, and a system of jurisprudence protective for the individual. As time went on, 
these latter elements, still relatively rudimentary, were positively restrained lest they 
should disturb the uniform administration of the empire. One undesirable effect was 
that lacking what one might call technical sophistication, Chinese bureaucratic gov- 
ernment always appeared impressive in breadth while remaining shallow in depth. 


l This text was previously published, Needham (19746), and is reprinted here with minor revisions. We take 
pleasure in acknewledging the clarification and help derived from discussions with Dr J. J. Broeze, Dr C. Feinstcin, 
Dr lain Macpherson, the late Prof. Joan Robinson, and Dr Mikulas ‘Teich. 
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Basically its support was derived from social institutions and social values. Individ- 
uals were encouraged to adhere in primary groups, and if an enlightened code of 
ethics laid emphasis on man’s duty to his fellow-men, it also inhibited all claim for 
natural rights. These conditions changed little during the past 2,000 years. 

One can at once descry a number of factors in traditional Chinese society that 
would be inimical to the growth of a capitalism but favourable to a transition to 
socialism. The concept of a single united national culture, the unity in part arising 
from an ideographic? non-agglutinative language not casily learnt by outsiders, the 
reign of morality, order and organisation rather than law, the absence (as we shall sec) 
of the development of any middle class, and the consistent restraint of mercantile 
interests and initiatives — all these were features advantagcous for socialism once 
the time had come. In order to evaluate where China stands today, therefore, our 
account must first survey some of the majer developments in the past. 


(2) THE EARLY UNIFICATION AND CENTRALISATION 


It is surely significant that Chinese civilisation started along the Yellow River.’ That 
great stream runs into and out of a large arca of locss, a deposit of compacted wind- 
blown sand often more than 300 feet decp. Consequently the river’s silt-content 
is phenomenal.* While in most major flows in the world a silt content of over 4 or 
5 per cent can be regarded as significantly high, that in the current of the Yellow 
River has established observed records of 46 per cent. 

Onc of its tributaries has produced an unheard-of 63 per cent. With the last 500 
miles of its course receiving not a single tributary, the Yellow River has therefore had 
a constant tendency to fill up its own channel and over-run its dykes, so that today 
its bed is well above the level of the surrounding North China plain. 

Before the imperial period, the execution of works of water-control by the divided 
feudal States remained a constant cause of controversy between them, as such devices 
usually relegated the problem to the neighbouring States, with intensified harm. As 
carly as —651 a Ieague convention was held by the principalities concerned, and 
during its sessions the participants solemnly pledged not to modify the course of 
the Yellow River so as to cause difficulty to the other princedoms. The promise 
was ineffective. As China entered the period of the Warring States, from the carly 
—5th century to the late —3rd century, contesting princedoms even broke the dykes 
deliberately in order to flood the territories of their enemics. Not until the emergence 


? This term has often been criticised, for example, Sampson (1985), pp- 34 fT: ‘the term |ideographic] . . . 
seems to be used in a way that blurs the crucial distinction between semasiographic and logographic systems’. 
Nevertheless the idea ofideographic as opposed to alphabetical languages is so widely understood that it may stand 
here. [Glen Dudbridge points out that ‘ideographic’ is an obsolete term in relation to post-Shang Chinese script. 
Joseph Needham was aware of this, but when I discussed it with him in 1993 he was unwilling to sacrifice the term 
which he had used from Volume 1 of Science and Civilisation in China onwards, and which had been used before him 
by such revered masters as Bernard Karlgren. Ed.] 

* This remains true in spite of the wide variety of neolithic sites discovered in very recent times. 

* Cf. sub-sections on hydraulic engineering in Section 28 (SCC, vol. 4, pt. 3). 
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of a united China in ~221 could the problem reach a settlement. Thus there is 
undeniable truth, over-emphasised by some,’ that the need for hydraulic works, 
not only in flood protection but also for irrigation and later for bulk transport, did 
favour unification of the empire. And not only so, but this circumstance equally 
remains one of the best explanations of why China was traditionally bureaucratic, 
not aristocratic.° Water control and management always tended to transcend the 
boundaries of feudal domains, since only an emperor and his hierarchy of officials 
were competent to master it.’ 

Of course China was not the only civilisation that arose in a great river valley; 
this was also true of Egypt based on the Nile, Babylonia based on the Tigris and the 
Euphrates, and the Mohenjodaro culture based on the Indus. But all these were rel- 
atively near the heartland of the Old World, exposed rather prominently to mutual 
influences and conquests, not isolated beyond that great ‘Tibetan mountain massif 
which generated so naturally and appropriately the Indian and Chinese concepts of 
the central super-mountain, Mt. Meru or Khun-Lun Shan & @ ul. This must be part 
of the answer to any enquiry why all the other ancient river-valley civilisations dis- 
appeared as recognisable entities, replaced by later cultures, Gupta, Mogul, Roman, 
Byzantine, Islamic; while Chinese continuity has endured without break from the 
neolithic Yang-shao {pZ and Lung-shan #£ ly people right down to the present 
day. 

Rivers and silt posed great problems, but climate was not kind to China either. 
Early Chinese writers, without the benefit of modern meteorology, took it for granted 
that every six years there would be a serious crop failure and every twelve years a 
general famine. The official dynastic histories down to rgrr report that m those 
2,117 years no fewer than 1,621 floods and 1,392 droughts were recorded, thus on 
an average more than one disaster in each year. Only recently has the phenomenon 
found an adequate explanation. 

Rainfall in China has a highly seasonal distribution, some 80 per cent of it coming 
in three summer months; and during the same period the prevailing wind direction 
changes. l'he fluctuation of the annual rainfall can also be drastic, because the 
monsoon in China is more cyclonic than orographic. In other words, the humid 
monsoon air relies not so much on high mountains for its cooling agent as on the 
northerly and north-eastern cold air currents, which lift it to a sufficient height to 
yield its moisture. While the regular pattern of crossing currents is unchanging, 
the actual result varies widely from one year to another, since it depends upon the 
synchronisation of two sets of variables. T'he points of convergence could be more 
numerous than expected, or else rather fewer. This variation produced the high 


> The name of Wiufogel has become overwhelmingly associated with this but there are some strange exceptions; 
Sri Lanka. for example, had many wonderful hydraulic engineering works from the Middle Ages onwards yet never 
developed a bureaucracy. 

ë Sce again Section 28 of SCC, vol. 4, pt. 3. 

7 "This is stated in so matty words in the len Thieh Lun (c. -80). Sce SCC, vol. 4, pt. 3, p. 264. 

® Sec Section 21 in SCC, vol. 3, and Section 47 in SCC. vol. 7, pt. t. 
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frequency of floods and droughts in China — a meteorographical phenomenon well 
known in history, yet still seen yearly today — and sometimes with the two kinds of 
natural disaster coming at the same time but in different localities. 

The centuries prior to —221 saw a series of internecine wars. The extant records 
create an impression that the fighting enabled the princes to fulfil their schemes of 
aggrandisement and settle their private feuds. But sufficient clues are also left in the 
source materials to suggest that natural disasters were at least partially responsible for 
the disturbances.’ Peasant-farmers participated in the campaigns because of hunger 
and food shortages. Crops were seized by the engaging armics; stoppage of food 
supplies in time of famine usually constituted a casus belli. Moreover, large states 
capable of distributing famine relief inevitably emerged victorious; they gathered 
larger followings. Thus the sequence of events worked out almost automatically 
a rational solution to the problem, pointing to a unified China and a centralised 
bureaucratic administration, which alone would be able to command the necessary 
resources for relieving local distress. 

But Nature imposed on China yet another problem the solution of which also 
hinged upon unification and centralisation, and that was the security of the north- 
ern frontier, manifested spectacularly by the emergence of the Great Wall.!° In 
meteorological terms, that barrier coincides in general with the fifteen-inch isohyet 
line. This simply means that south of the Wall an annual rainfall of fifteen inches 
can be expected, the minimum for agricultural production. Beyond the Wall rain is 
more sparse, most rivers dry up before they can reach the sea, and nomadic pas- 
toralism provided the only means of livelihood. Called by Lattimore ‘one of the most 
absolute frontiers in the world’,!! the Great Wall has for more than 2,eee years 
been a demarcation line separating cultural groups, social customs, languages and 
religions. Since the peaceful assimilation of minority groups on the other side of the 
Wall was never permanently possible, the northern frontier remained a perennial 
skirmishing ground between Chinese farmers and nomadic tribesmen. There were 
occasions when the Chinese launched offensive wars into the steppeland and desert 
in the north and north-west, but as often as not they were put on the defensive by 
the invading tribesmen whose mobility commanded a great advantage. And it is a 
commonplace of history that large parts of China were sometimes ruled by dynastic 
houses springing from nomadic tribal origins; indeed the united empire itself fell to 
the Mongols in the Yuan period and to the Manchus in the Chhing. There is an 
obvious parallel here with the Roman Empire, but in the end Rome was more or 
less ‘barbarised’, and China never. At all events, and in every case, mobilisation and 
military logistics called for a united China. And once again, bureaucrats, even in 
uniform, could mobilise forces beyond the dreams of any aristocrats. 

Besides these factors, the compactness of the Chinese ozKoumene, its general suitabil- 
ity for agriculture, its network of inland waterways, and the linguistic homogencity 
ofits inhabitants all favoured unification. 


? See Sectien 5 in SCC, vel. 1. " See SCG, vol. 4, pl. 3- 1! Lattimere (1940), p. 21. 
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Nor was there any insurmountable obstacle in the way of establishing a centralised 
system. But unlike the defence against the floods of the Yellow River, not to mention 
the relief of recurring natural disasters, and the control of the nomadic menace on 
the frontier, the favourable conditions of human and social geography hardly added 
a sense of urgency to the issue of unification. Left to themselves, they would in all 
probability have worked towards China’s political centralisation, but at a slower pace 
and possibly on a more solid foundation. In the course of history this made a great 
deal of difference. As it happened, unification and centralisation came to China, one 
could almost say, soon after the end of the Bronze Age. Pressed by matters of survival, 
the process allowed no ume for local institutions and customary practices to mature. 
Aristocratic idiosyncrasies might have fostered them, not a far-flung bureaucracy 
with its mind on efficiency and uniformity. Taoist technology and /aisser-fare, Mohist 
science and religion, Legalist uniformity and Hedonist self-cultivation, were all in a 
sense casualtics of the paramount necessity for the centralised Confucian bureau- 
cratic State. The authority of imperial China came as an inheritance from two major 
sources: the constitutional structure of the proto-bureaucratic feudal principalities, 
and the corresponding thought of the political philosophers, especially Confucians, 
who grew up within them. 

Mention was made a few paragraphs above of the other great ancient river-valley 
civilisations, and any discussion of the characteristics of Chinese feudal bureau- 
cratism does always raise the question of why the resemblances to it in India are so 
very partial. India also suffered from floods and droughts; India also was menaced, 
in her case chiefly from the north-western frontier, by the incursions of alien invaders 
many times indeed in her long history; India also needed important works of hy- 
draulic enginecring, though apart from the Vijayanagar kingdom in the south these 
were never forthcoming to the extent that would have been desirable. What was the 
X-factor that made the Chinese experience so different from that of most other 
cultures? Here perhaps is where those ‘less urgent’ factors just mentioned are seen 
to have outstanding importance. In India linguistic, religious and social (caste) di- 
versification dominated the sub-continent from very early times; in striking contrast 
assuredly with the homogeneity of the Chinese people, who absorbed peripheral 
tribes into their culture (e.g., the Yüeh $, the Man $, the Chhi-tan 4# f}, the 
Jurchen 4#) without in any way diluting it, and could even assimilate their con- 
qucrors, Mongols or Manchus, till hardly anything recognisable of them was left. 
Not only this, but China radiated her culture over all East Asia, so that Korea, Japan 
and Vietnam are all in one way or another her children. Surely the ‘monolithic’ 
ideographic language had a great part to play in this, as also the deeply characteris- 
tic styles of Chinese agriculture and its associated technical arts, so well described by 
Francesca Bray,'? and the specific procedures of Chinese bureaucratic administra- 
tion which through the centuries had been moulded to suit them. It must also be of 
great importance that no institution of a caste character developed in China, and that 


12 Sce Section 41 in SCC, vol. 6, pez 
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none ofthe three religions (san chiao = #4) claimed over-riding obedience or temporal 
power. 

Perhaps it is no coincidence that the only other civilisation comparable to that 
of China in its long enduringness was that of Ancient Egypt strung along the Nile, 
and that there also a homogeneous ideographic language prevailed. There were of 
course differences. Egypt's life-span was set at an earlier time in history than China’s 
for the Pharaonic institution was already more than two millennia old when the 
Shang kingdom in China started the bal! rolling there, while the unitary Chinese 
State is still a reality today a millennium and a half alter the triumph of Arabic and 
Islamic culture. Egypt was also very narrowly bounded by the desert on each side 
of the strip, quite unlike the spaciousness of China’s rivers, mountains and plains 
stretching over an arca two or three times the size of Europe. In sum, then, it may 
not be too difficult to understand why the Chinese experience was not paralleled in 
any of the other river-valley civilisations. 


(i) The bureaucratic management of an agrarian society 


The generation ofa well-knit bureaucratic apparatus by an agrarian nation of China’s 
size has no parallel in world history. Paid in salaries (when paid at all),!3 the profes- 
sional managerial group regarded administrative positions as fully interchangeable 
within a hierarchical order; this required a great dea! of standardisation and preci- 
sion. Two consequences followed, first the bulk transport of taxation goods meant 
that salaries and local expenses had generally to be found by deduction at the source, 
not paid from the capital city, hence a perpetual tendency towards peculation at all 
levels; and secondly the principle of inter-changeability of general-purpose district 
ofticers meant that specialists (hydraulic engineers, mathematicians, astronomers, 
medical experts, etc.) were always shunted aside and could rarely reach high office. 
Since the functionaries did not represent the financial interests of the provinces or 
districts that they managed, the government could never gain stability through a 
balance of those interests. Its usual approach, indeed, was to restrain the more ad- 
vanced sectors of the national economy in order not to outstrip the more backward 
sectors. The relationship between the governing and the governed was contingent 
solely upon their mutual subjection to the imperial rule. The central government 
appeared to be, and was, the only source of power, yet on account of the vastness of 
the country this power could not always be exercised effectively.!* 

‘These requirements and conditions generated various solutions in the carly phases 
of China’s unification. For instance, codes of law were written to facilitate the work 


8 This it was which led to a mass of peculation, ‘squeeze, graft and corruption’ at all levels which always upset 
the businessmen from the West who were accustomed to quantitative accounting. One ofthe first phrases [learnt 
in Chinese was 7a kuan fa tshai KE BM, Become a high official and get very wealthy”. Since the government 
never paid all the outlying provincial officials adequately, they had naturally to supplement their incomes by ‘taxing 
the Emperor at source’, i.c. by “taking a cut off the joint at all levels’. 

+ The bureaucratic character of the administration runs like a thread through the recent book of Chinese 
history by Huang Jen-Yü (1988), see pp. 15, 42, 60, 80. 89, 111, 143, 170, 200 and 203, but this meant throughout 
the ages that China was not in Huang Jen-Yti’s words ‘mathematically manageable’. 
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of the administrators, though in general such systems avoided that legal abstraction 
characteristic of Roman law, and every case was judged as a totality of circumstances, 
notin isolation from factors that might seem irrelevant. Since law was always thought 
of primarily as criminal law, the institution of advocates did not develop. Yet such 
was the passion for justice among the best Chinese officials that the oldest books 
on forensic medicine in any civilisation are due to China, for example, the Hsi 
Viian Lu (The Washing Away of Wrongs), compiled in 1247 by Sung Tzhu RH." 
Administrative discipline was quickly re-established during changes of dynasty, when 
military régimes were transformed into civil government with a minimum relaxation 
of control. By and large it became the custom of the scholar-gentry to transfer 
allegiance to a new ruling house as soon as it had established by arms its claim 
to have received the ‘mandate of Heaven’ (thien ming R r). The government itself 
always proclaimed moral conduct as its aim, and public education was mobilised to 
strengthen its position. 

All these features, however, important as they were, could never compensate for 
the lack of adequate technical support in terms of transport, communication, bank- 
ing techniques, accounting methods, information-gathering, and data-processing 
expertise — the means that any modern bureaucratic management would regard as 
indispensable. This is not to say that archives were not kept and censuses not taken: 
they were; but in spite of the Bureau of Historiography and the Chancellor’s Secre- 
tariats, Chinese government organisation far outran the technique on which it had 
to be based. One remembers Chhin Shih Huang Ti A 2G, the First Emperor, 
reading through cartloads of bamboo and wooden slips daily, and the extreme delays 
to which official despatches were sub ject century after century. 

Thus in the history of developing bureaucratic administration, China followed 
a pattern of ‘forward three steps, but backward two’. The dilemma was that while 
an over-tight centralised system would create too much stress and strain, any de- 
centralisation could start a liquidating process in which the entire organisation was 
liable to disintegrate. One sees this at work in every period of political fragmentation 
and particularly clearly when independent theocracies sprang up at the end of the 
Han, and when the provincial governors (chien tu shih Ẹ 4% 48) took over at the end of 
the Thang. But given time, reunion invariably followed, and even the foreign and 
colonialist attacks of the past century and a half could not distort this pattern, as we 
see in the centralised strength of the present day after the provincialist warlordism 
of the Kuo-min-tang AR Æ period.'® Here the ideographic nature of the language 
had always been of cardinal importance, for it did much to prevent the definitive 


'S See Section 44 in SCC, vol. 6, pt. 6. 

'© This can be wellseen from the ‘Table of Chinese Dynasties (Table 5 on p. 78 of SCC, vol. t) repeated immediately 
after the index at the end ofall the subsequent volumes of the series. Of the twenty-two centuries which bave elapsed 
since the first unification of the empire by Chhin Shih Huang Ti 446 2%, a period of no more than 250 to 337 
years (according to how one interprets the word dynasty) has scen China not unified and under the sway of a 
centralised administration. This amounts to benveen 11.3 per cent and 15.3 per cent of the time that has clapsed 
since the first unification of the empire in —221 l is truce that Chinese scholars have often gonc about to prove 
that one or other of the contending dynasties in the periods when China was divided maintained the imperial rule 
and so handed down the succession, but that was a largely theoretical pursuit and may be disregarded here. The 
fact is that there were at most only 337 years when China was radically fragmented. 
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centrifugal separatism.!’ China had civil wars often enough, internal national con- 
flicts never. And correspondingly there was to some extent an absence of the stimuli 
that war gave to science and technology in Europe. 

Of course in dealing with economic problems different dynasties in China de- 
vised different schemes. Yet inasmuch as certain background factors underwent little 
change, a number of common features in the administration became perennial. Onc 
such feature was a vigorous and persistent promotion of agriculture by the State, vir- 
tually uninterrupted for 2,000 years. At the founding of cach major dynasty the 
impcrial government always busied itself with farm rehabilitation. Land, seeds and 
draught animals were distributed to displaced persons; reclamation of new land was 
encouraged, with tax relief as a premium; and impreved forms of agricultural tools 
and rural machinery were popularised. At different times the government also pro- 
moted new food plants, disseminated information about improved farm methods. 
and conducted surveys of agricultural production. The execution of water-control 
and irrigation projects was always recognised as a vital function of the State. More- 
over, even alien dynasties were equally aware that the economic foundation of the 
empire rested on agriculture. It was Khubilai Khan who authorised the compilation 
of the Nung Sang Chi Yao (Basic Elements of Agriculture and Sericulture), a handbook 
reprinted many times during the Yuan period. Its edition of 1315 was printed in 
10,000 copies.'® Here again there was a general contrast with the Roman Empire. 
which came to grief in part precisely because it did not give adequate attention to 
the promotion of agriculture. 

Since taxes were collected direct from the general population, the State naturally 
regarded intermediate groups capable of intercepting the income of the primary 
producers with great disfavour. Energetic emperors in early Chinese history dealt 
with aristocratic houscholds as vigorously as if inspired by socialist ideas. Both the 
Northern Wei and the Sui delivered fatal blows to the élite clans which dominated 
the period of disunity from the +4th to the +6th century. The Thang dynasty con- 
fiscated Buddhist monastic properties on a mass scale from time to time. In the 
last two decades of its life, the Southern Sung proceeded to purchase from own- 
ers on the eastern seaboard one-third of their landholdings in excess of 100 mou 
@ per household, but as the purchase prices were almost nominal the transaction 
differed little from confiscation. The founder of the Ming dynasty, a man of peas- 
ant origin himself, staged a scries of expropriations of the powerful gentry families, 
during which no less than 100,000 persons seem to have lost their lives. After that. 
in 1397, the Ministry of Revenue submitted to the sovereign a list of remaining sub- 
stantial landowners across the empire. The 14,341 names on it represented those 
who owned 700 mou of land or more. Their total holdings are not disclosed, but 


V Latin was once the universal language of all Western Europe. but as soon as French, English, Spanish, 
Portuguese, Italian and Romanian began to be written down in the way that they were pronounced, the nation- 
states could arise, as they duly did. Cantonese and Fukienese were indeed different dialects but the ideographic 
written language was a unity, partaking of the nature of an algebraic script. 

'8 “Thisis the kind of thingwhich hasled American agriculturalists to say that ‘agricultural extension programmes’ 
have been more characteristic of China for a couple of thousand years than anywhere else in the world. 
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both the minimum possession of those listed, and the number of households, give 
the impression that the entire ‘upper’ or ‘middle’ class could not have been a very 
formidable group. 

Unfortunately, this is an area in which a great deal of misunderstanding has yet to 
be cleared up. The climination of plutocratic influence by the imperial government 
was not always successful. During the later Han, in the early centuries of our era, 
the élite clans and regional landholding interests got out of control, and this resulted 
in a dissolution of the imperial order which ushered in the longest period of turbu- 
lence in Chinese history. At other times there were similar situations but on a lesser 
scale. There were occasions when indulgent emperors, acting against common sense, 
lavished land grants upon their favourites, as happened in the late Ming.'* Contem- 
porary writers, deploring such practices because they were contrary to their sense of 
sound government, protested vociferously. But it is rather too simplistic to interpret 
all this, as some modern scholars have done, as evidences of the re-emergence of a 
feudal age or a manorial system. 

Of course class antagonism and class oppression existed in a sense in China, for 
the whole apparatus of court and gentry-bureaucracy hung like a yoke round the 
neck of the peasant-farmers, even though the mandarinate was not hereditary. Yet 
the differences between imperial China and medieval Europe were drastic and pro- 
found. Private landholdings of the size of baronial estates appeared in China as 
rare exceptions rather than a general rule. The gentry-landlords were too numerous 
and too scattered to act as an organised group; never did they openly and collec- 
tively claim their rights and demand the advancement of their common interests in 
the style of Afagna Gharla?° At times outstanding merchants commanded sufficient 
financial resources to influence the court, to put themselves on inside terms with 
the bureaucratic apparatus, and to evade the law; but they were never influential 
enough to press for legislative concessions from the government which could have 
facilitated their business transactions. From time to time the peasant-farmers rose 
in rebellions to redress their grievances; but they in their turn could never provide 
an organisational alternative to the imperial order. Technically it would have been 
impossible for the body politic to maintain its high degree of centralisation and yet 
at the same time promote particular economic interests. The practice of admitting 
socie-economic groups to the government as ‘estates’ was never attempted in China; 
in fact, the traditional Chinese State often operated clean, contrary to the principles 
laid down by Harrington in his Oceana.?! 11 demonstrated its strength precisely by 
holding dominant economic groups at bay; the moment private parties were able to 

19 See Huang Jen-Yü (1988), pp. 149 Æ., 164 f. 

2) This charter is better known today as Magna Carta, but Carta is not a classical Latin word; it was an old 
English word in use, before the Norman Conquest, later believed to be Latin, and dropped from English. The 
word is derived from the Greek chartes meaning a leaf of papyrus. The Latin form was charta. The Oxford English 
Dictionary refers to the Magna Charta and the Encyclopacdia Britannica to Magna Carta. 

?1 The Common-wealth of Oceana (England) was a political romance by James Harrington published in 1656, perhaps 
as a reply to the Lewathan of Vhomas Hobbes (165t). At the head of the State is a prince or Archon, elected like all 


the other ministers by the people, who live in a condition of freedom and equality, detesting war. Property and land 
is limited ‘so that no onc man or a number of men . . . can come to overpower the whole people’. Hobbes’ book, 
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convert their economic power into political power it was on the verge of collapse. 
So one could say that neither Western aristocratic-military feudalism nor Western 
city-state mercantile Independence found any counterpart in traditional Chinese 
socicty. 

Thus while feudal Europe with practically no disguise converted public affairs into 
a mosaic of private domains, the Chinese system was permeated homogencously by 
a sort of public spirit. Its drawback was that this public spirit was sustained only at the 
vigilance of the Empcror. When this failed, the system permitted a horde of persons 
associated with the government to exploit the poor and inarticulate. The structural 
weakness of the Chinese system lay in the fact that between the imperial authority 
at the top and the mass of tax-paying population below the mid-cchelon level, there 
was an administrative vacuum. Local government was always under-staffed. In order 
to prevent sub-systems from arising within the imperial order, regional autonomy 
was ruled out. With but few exceptions in Chinesc history, the State also persistently 
refused to enlist the assistance of mercantile groups which might have helped to bridge 
the logistic gaps. Services provided by the merchants, as a rule commandeered rather 
than accepted in the form of partnership co-operation, were never influential cnough 
to alter the style of the administration. In a word, therefore, there arose no middle 
class, or, if you like, no bourgcoisic, however much wealth individual merchants 
were sometimes able to acquire. And they were never encouraged, indeed most of 
the time positively discouraged, in projects of industrial capital investment — always 
the fortunes were swallowed up by the land market and the purchase of entry by one 
means or another into the ranks of the scholar-gentry bureaucrats. 

On all these grounds the precision and standardisation characteristic of a modern 
bureaucracy were unattainable. ‘he entire establishment lacked structural firmness. 
As the centralised financial system continued to take hold, fiscal authority was re- 
tained at the top, yet fiscal responsibility resided with the lower echelons, so that 
irrational features in the system were driven down towards the operational level. 
causing grave discrepancies between theories and practice?” Undoubtedly this was 
also onc of the basic reasons for the authoritarian tone of government in traditional 
China. Officials often found that directives from above could not be questioned, nor 
could they sce their own orders challenged by the populace, because if enquiries had 
been constantly conducted in the manner of the judiciary reviews of the Western 
world, the entire mechanism of the imperial government would have been immo- 
bilised. It is clear that such a system precluded the performance of complicated 
afferent and efferent functions. 


The Leviathan of the Matter, Forme and Power of a Conmonwealth, Ecclesiastical and Civil, 1057, was a treatise of political 
philosophy, much more fa-chia # K (legalist) in character. Hobbes believed that man is not, as Aristotle held, 
naturally a social being, but a purely selfish creature. seeking only his own advantage, and resisting the competing 
claims of others. The life of man was ‘solitary, poor, nasty, brntish and short’. To escape from such intolerable 
conditions, mankind has adopted certain ‘articles of peace’. All men must enter into a contract ‘to confer all their 
power and strength upon one man or upon an assembly of men’. This union is called a commonwealth. See further 
in the Oxford Companion to English Literature. 
2 On this cf. Huang Jen-Yui (1988), pp. 149 ff. 
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As tume went on there grew up increasing resistance to any diversification of 
the national economy. In carrying out its vital functions such as providing fronticr 
defence, suppressing internalrebellions, executing major public works, and providing 
famine relief, the imperial government concerned itself mainly with the fostering of 
man-power and food supplies. Quantity rather than quality tended to be the key 
factor. Surrounded by an cnormous agrarian economy, it was assured of thorough 
mobilisation, and there was little to be gained by pushing the more advanced sectors, 
such as mining or sea trade. Moreover, the expansion of industry and commerce, 
which necessarily tended to develop in particular geographical areas, could only 
too easily produce those regional imbalances which the bureaucracy, educated and 
trained to manage a society of agrarian simplicity, would find itself unable to handle. 
One can never forget the rungs of the traditional social order, s/h +, nung B, kung 
I. shang Ñ, the farmers second only to the scholar-gentry, the artisans next and the 
merchants taking the lowest place. It repeatedly happened in Chinese history that 
dynasties arose with robust energy out of a crude and backward economy, only to 
lose their vitality and turn decadent after guiding that economy to a higher stage of 
development. 

The nub of the matter is that here was a vast agrarian society which found itself, 
in a sense prematurely, under the centralised administration of bureaucracy; and the 
size of the economy made it non-competitive.”* Stability was always valued more 
than change or progress. And yet industrial and technical development often went 
ahead of the West. The strange thing is that China was able to absorb these earth- 
shaking discoveries and inventions while Europe was gravely affected by them, as 
has been shown in detail m previous volumes. Gunpowder weapons made relatively 
little difference to the fighting in and around China, while in Europe they ruined the 
feudal castle and the armoured knight. Stirrups, also Chinese, had brought him into 
existence in the first place, but mounted archery in East Asia continued as before. 
The magnetic compass and the axial rudder permitted Europeans to discover the 
Americas, but Chinese sea-captains pursued their peaceful ways in the Indian Ocean 
and the Pacific as of old. Printing helped to launch the Reformation and the revival 
of learning in the West; all it did in China (apart from preserving a host of books 
which would otherwise have perished) was to open civil service recruiting to a wider 
range of society.» Perhaps there has hardly ever been so cybernetic and homeostatic 
a culture as that of China, but to say that is by no means to speak of ‘stagnation’, as 
so many Westerners have done; the rate of advance in China simply continued at its 
characteristic rate, while after the scientific revolution in Europe change entered an 
exponential phase. 


23 This can be traced back to the time of Chhin Shih Huang Ti and the first unification of the empire. See 
Huang Jen-Yti (1988), ch. 2. 

24 Moreover, compcetitivencss was always one of the values placed tow down in the seale by every Chinese 
philosopher. 
prn 

25 For the chapter and verse of all these. see on gunpowder, SCC, vol. 5, pt. 7: on cavalry techniques. SCC, 
vel. 5, pt. & on the compass and the rudder, SCC. wol. 4, pt. 3; for printing, see SCC, vol. 5, pt. 1. 
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(3) SCIENCE, TECHNOLOGY AND THE UNDER-DEVELOPMENT 
oF A Money Economy 


China’s carly advancement in social organisation had as its counterpart a retarded 
Europe. Conversely, her lack of substantial social progress after 1450 contrasts with 
the great movements in the West that brought the modern world into being, the 
Reformation, the rise of capitalism, and the scientific revolution. But in considering 
the birth of distinctively modern science it is always necessary to remember that 
apart from the heights of Greek achievement, science and technology had consis- 
tently reached a level higher, and often much higher, in China than in Europe, 
during the previous twenty centuries. Of course, science and technology must al- 
ways have been affected by the society in which they flourished. Thus the suggestion 
has been made that the greatest Chinese inventions, including paper and printing, 
hydro-mechanical clockwork, seismographs and advanced astronomical and mete- 
orological instruments (such as rain-gauges), together with segmental-arch bridges 
and suspension-bridges, were all in one way or another useful to a centralised bu- 
reaucratic State.2° On the other hand, gunpowder, the magnetic compass, the axial 
rudder, fore-and-aft sails, and paddle-wheel propulsion would have been even more 
likely to arise, one might have thought, in maritime mercantile cultures than in the 
milieu where they actually did.?’ Yet there certainly was some brake on technical de- 
velopments in this society which was itself so intrinsically fertile in creating them. The 
gear-Wwheel, the crank, the piston-rod, the blast-furnace, and the standard method of 
interconversion of rotary and longitudinal motion, all existing carlier, in some cases 
far earlier, in China than in Europe? were doubtless utilised less than they might 
have been because they lacked application to the needs of that agrarian society which 
the bureaucracy was determined to protect and stabilise. In other words Chinese 
society did not always succeed in moving from invention to innovation, Schumpeter’s 
term for the wide application of an invention.?? There are even not a few instances 
where discoveries and inventions were allowed to die out, for example, in seismology, 
horology and some developments in iatro-chemistry.*° 

The organisational ethos may also have affected scientific thought. Chinese 
thinkers preferred to see the universe as an organic whole, recoiling from the analysis 
of the inner mechanisms of its parts, and steadily refusing to draw a clear distinc- 
tion between the spiritual and the material. There were great strengths in this, as 
modern science is only now coming to recognise, but there were serious weaknesses 


too, especially on the heuristic side. Furthermore, there were particular vices of 


28 On these, see Section 32 in SCC, vol. 5, pt. 5 Section 27 in SCG, vol. 4, pt. 2; Section 24 in SCC, vol. 3; Section 
23 in SCG, vol. 3; and Section 28 in SCC, vol. 4, pt. 3. 

27 On the first of these see Section 3e in SCC, vol. 5; on the second sec Section 26 in SCC, vol. 4, pt. 5 on the 
third, fourth and fifth. see Section 29 in SCC, vol. 4, pt. 3. 

28 On the first, second and third of these, sce Section 27 in SCC, vol. 4, pt. 2; on the fourth see Scction 36 in 
SCG, vol. 5, pt. 12; and on the fifth sce Section 27 in SCC, vol. 4, pt. 2. 

2 See Schumpcter (1939), vol. 1, p- 84. 

30 See Section 24 in SCC, vol. 3; Section 27 in SCC, vol. 4, pt. 2; and Section 33 in SCC, vol. 5, pt. 4. 
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a bureaucratic character in Chinese scientific thought,?! notably that pigeon-hole 
repository of abstract concepts furnished by the Z Ching (Book of Changes), only too 
readily hypostatised into real and active working forces.?? Nevertheless, the Chinese 
record wasa glorious one, whether in mathematics, astronomy, acoustics, magnetical 
science, proto-chemistry, or botany and pharmacology. 

But may we not accept here a clue from the great Nicholas Copernicus, Canon- 
Treasurer of the Cathedral of Frombork on the Baltic, who wrote not only his world- 
shaking De Revolutionibus Orbium Coelestium but also, at the invitation of King Sigismond 
I of Poland in 1526, an important treatise on money, the Monete Cudende Ratio, in which 
he anticipated the statement of Gresham’s Law that bad money drives out good? 
Apart from all speculation about the possible influences of bureaucratic society upon 
the shape of science and technology, let us see whether in concrete terms the lack 
of sustained progress could have been connected with the under-development of a 
money economy. Could this be one of our better measures of that inhibition which 
prevented the harnessing of China’s multifarious inventions and brilliant scientific 
insights for the public good? Of course we recognise that money is in itself a secondary 
phenomenon, a yardstick, as it were, because if the entrepreneurial urge had been 
permitted in Chinese society, a true money economy must have arisen. But although 
money reflects the other forces at work in the economy, it may in turn exercise 
profound influence upon them. ‘The fundamental cause of the under-development 
ofa money economy in China was that the imperial government was never soefficient 
as to be able to invest agrarian surplus in the modern sectors of the economy, yet it 
was quite efficient enough to prevent private parties from doing so. 

The assertion that money was a great limiting factor may at first seem strange, 
since China has a history of bronze coins in circulation covering more than 2,000 
years. The so-called five-shu # money was designed to serve the general public, and 
at the high point of its production under the Northern Sung, more than five billion 
such coins were minted every year. China was also the first nation in the world to 
have a national paper currency, or fei chiven FR 4; ‘flying money’, the earliest letters 
of credit in any culture, appeared even under the ‘Thang. 

But the difference is that a modern monetary system is neither absolutely real 
nor entirely abstract. Its formation depends both upon governmental regulation 
and public participation. Inseparable from credit, its general acceptance increases 
the alienability of property, and enables wider borrowing which puts idle capital to 
work. Accelerated economic activities first use up under-employed labour, then cause 
a demand for labour-saving devices. The modern monetary system which grew up 
under capitalism has certainly proved a useful instrument for the advancement of 
technology. To be sure, we have encountered hardly any instances of labour-saving 
inventions being rejected in ancient and medieval China for fear of technological 
unemployment. But money in traditional China certainly did not fulfil all the above- 
mentioned functions. 


3! See Section 38 in SCC, vol. 6, pt. 1, pp. 10-11 and 307-8. 32 See Section 13 in SCC. vol. 2, pp. 304 F. 
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Despite its circulation of bronze coins, the Chinese government never ceased col- 
lecting taxes in kind, and requisitioning materials and labour services (corvée) from 
the people. It usually also paid officials and soldiers in grain, while rentals of tenant 
farmers were paid almost exclusively in kind. Large business transactions, further- 
more, used bales of cloth, silk fabrics and precious metals as media of exchange. 
Copper coins therefore had only a limited usage, never backed by public or private 
assets, and their value was largely determined by their actual metal content.’ The 
bullion theory of money became so firmly established in traditional China that it was 
virtually impossible to deviate the face value of the bronze coms fiom their net worth. 
When the former was higher than the latter, counterfeiting became impossible to 
stop, and the public refused or discounted the coins. When the former was lower 
than the latter, then users remelted the coms for profit. 

The circulation of paper currency involved the other extreme; it was, one might 
say, too abstract. The chiao tzu =F under the Northern Sung and the chung thung 
chhao 8%, 44 under the Yuan are said to have been backed by adequate reserves; 
but the total amount of the former and the initial issue of the latter were so small 
that they could hardly qualify as national currencies. When the circulation of the 
paper notes involved a substantial sum, there was no reserve, as no such treasury 
deposit was available. ‘hese cases also illustrate the utter inadequacy of relying on 
governmental income alone to back a nationwide currency. The tool simply did not 
match the job. 

When the paper money was issued without backing, the theory of money scems 
to have been close to that advocated by some modern economists, who hold that the 
real source of the value of currency is an ‘acceptance’ which can be developed into 
a ‘pattern of behaviour’. Yet in the Western world paper currency traces its origin 
to the goldsmiths’ receipts and demand deposits at the banks, which in the 17th 
and 18th centurics facilitated the organisation of private capital. In the last stage of 
development the funding of a central bank, the regularisation of the national debt, 
and the establishment of business law, aligned both public finance and the nation’s 
wealth behind a unified currency, until all transactions were under its jurisdiction. 
‘Tax revenue, in turn, grew in proportion with money supply and national wealth. The 
process, characteristic of developing capitalism, became powerful and irreversible. 
‘There was probably no way for China to omit all these steps and yet develop before 
the 2oth century a successful semi-abstract money. Bronze coins relying for value on 
metal content alone could not suffice, paper notes backed solely by imperial order 
could not fit the bill either; for there was no public participation in forming a currency 
of the necessary degrec of abstraction. To claim, therefore, as many scholars do, both 
Japanese and Western, that medieval China saw ‘revolutions in money and credit’ 


33 Those accustomed to the history of Western European countries are often impressed by the tenacity with 
which the Western gevernments kept control over the minting process, while in China tt was ‘privatised’ as early 
as the Shang. Morcover with few exceptions coins m China were generally cast and never ‘stuck’. See SCC. 
vol. 1, Section 6, pp. 107, 109, 139, 144; Section 7 pp. 243, 246-7. 
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is quite misleading, since they never explain why these were not followed by basic 
institutional changes. Only European capitalism brought these to birth. 

When the last issue of paper currency failed under the Ming in the 15th century, 
China adopted unminted silver as a common medium of exchange and a general 
means of payment.** But this was to subject the population to the tyranny of the 
hardest currency of all, similar to the situation which would pertain nowadays if 
consumers were required to buy their petrol and pay their grocery bills with chunks 
and bits of gold. The government had no knowledge of the amount of money in 
circulation, still less the ability to reacljust its volume. Wealthy families buried the 
bullion underground for safe-keeping, while the well-to-do lavished gold ornaments 
and silver utensils on themselves, knowing that the precious metals could be con- 
verted to cash whenever needed. Interest rates were high; the most developed credit 
institutions were the pawn shops (fang phu % 44). In the late 16th century China 
had 20,eee of these, and even in the late 19th century 7,eee of thcm were still in 
operation. 

Certainly the under-development of credit was linked to the absence of rigorous 
commercial law.*? But such laws on the Western model could hardly have been 
enacted in traditional China. Their enforcement, through an independent judi- 
ciary, would have involved the acceptance of property rights as absolute, contrary to 
China’s social values and the principles of her social organisations. These values and 
principles supported the political structure of traditional China, which had been 
founded on the premise that public well-being must always take precedence over 
private interest. If that had been abandoned the bureaucratic administration of the 
far-flung empire would have broken down completely. Of course honesty is better 
than legal sanctions, but whether modern society could have grown up on that basis 
alone is very debatable. 


(4) THe SociaL CONSEQUENCES 


At least three times in Chinese history trends towards a money economy made 
upsurging movements, during the Han, under the Sung, and then under the late 
Ming. Chinese historians often like to call the great Han industrialists ‘capitalist 
entrepreneurs manqués’, and to identify the late Ming movement with a ‘budding cap- 
italism’; Japanese scholars, followed by some Western sinologists, have called the 
turning-point under the Sung a ‘renaissance’ and a ‘commercial revolution’. Such 
terms cannot be accepted without misgivings. And in any case the movements were 
all abortive. Our view simply is that there was a fundamental institutional incom- 
patibility between the centralised bureaucratic administration of an agrarian society 


++ This was the tael or shoe-shaped silver ingot. h was still in action in Shanghai as a medium of exchange after 
the First World War. 

9 As is generally recognised Chinese law was overwhelmingly criminal law. Sec Lu Gwei-Djen and Needham 
(1988) on the history of forensic medicine in China. Civil and commercial issues were ‘settled out of court within 
family conclaves. 
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and the development of a money economy. Without massive commerce and industry 
it could never be born.*® 

There is no argument that the development of rice-producing areas in the south 
and the improvement of water-transportation during the previous centuries brought 
forth phenomenal prosperity in the Sung. Similarly, the importation of Spanish- 
American bullion and the spread of cotton-weaving boosted the economy on China’s 
seaboard before the end of the Ming dynasty. But there were no basic organisational 
revisions in the system of inter-provincial commerce which could have produced a 
qualitative change throughout the country. 

Modern commercial practices feature a wide extension of credit, impersonal man- 
agement, and co-ordination of service facilities. None of those conditions existed 
under the Sung or under the Ming. Contemporary literature rarely gives any direct 
description of business practices, but a large volume of fictional writing provides a 
rather complete picture which can be checked for consistency with other sources. 
Until the 17th century the most important person on the trade route was the travel- 
ling merchant, who usually kept his entire capital liquid. He normally employed one 
or more accountant assistants, but his own presence in business transactions was in- 
dispensable. Hence the importance of the ai kuan #* ££ or commodious rest-houses 
maintained in one province by the merchant guild ofanother.*’ Buying and selling in 
a city or market town was handled by a residential agent, who also provided lodging 
and storage space. The implication was that there were no regular suppliers and 
outlets, and manufacturing was thoroughly scattered. Cotton-weaving (until the rise 
of factories in the treaty ports towards the end of the rgth century) remained a cottage 
industry, providing extra income to peasant households. Commodities such as tea 
and lacquer had to be collected from the village producers with the travelling mer- 
chants waiting, and extension of credit was a personal favour under unusual circum- 
stances rather than a general practice. Although the long-term association between 
travelling merchants and local agents, sometimes continuing through several suc- 
cessive gencrations, developed into a fraternal bond, their operations never merged 
nor could the relationship be institutionalised. Purchase by correspondence was 
not practised; standing orders and automatic deliveries of goods were unheard-of. 

The picture suggests that without a credit system it was impossible for any indi- 
vidual to extend his business operations beyond his personal presence. Financing of 
manufacture was fragmented, and the cash-and-carry policy covered merchandise 
of every sort by the picce. Yet despite the relatively crude commercial framework. 
the capitalisation of some of the travelling merchants was impressive; before the end 
of the 16th century, the carrying of something like 30,000 ounces of silver by an 
individual on a business trip appears to have been not altogether unusual. Because 


36 Commerce and industry there certainly were in medieval China but they never reached the volume and 
intensity that they had in early capitalist Europe. 

57 ] can speak from personal expericnce of the commodious resources maintained by the merchants in provincial 
towns wherc they were not at home, because my party and J were often accommodatcd at onc of these during our 
travels all over China during the Second World War. 





ustry 


outh 
ught 
nish- 
ina’s 
ional 


‘eda 


nan- 
isted 
lirect 
des a 
reces. 
avel- 
1 one 
is IN- 
JUSES 
ngin 
lging 
and 
e rise 
ttage 
§ tea 
mer- 
wm- 
yeen 
suc- 
ged 
was 


ial 
ur 





50 GENERAL CONCLUSIONS AND REFLECTIONS 59 


of the size of China’s national economy and the concentration of consumer markets 
at political centres, descriptions of major cities, whether by Chinese or Western- 
ers, always create an impression of richness; but their favourable observations could 
not alter the fundamental fact that the operational characteristics gave no indication 
of a major breakthrough in inland trade. 

Another inhibiting factor for internal trade in old China was the lack of public 
safety corresponding to conceptions of ‘law and order.’ Apart from the activi- 
ties of bodies of organised bandits along the trade routes, carriers and watermen 
were often bandits thinly disguised, while the cities and towns always harboured 
large numbers of /iu mang $7£tK individuals, unemployed or semi-employed, cer- 
tainly under-employed, and not averse from turning a dishonest string of cash if 
opportunity offered. In times of civil war, naturally, all this became confusion worse 
confounded, and even when peace was supposed to be reigning, the yamen 47 P run- 
ners, heralds, clerks and gaolers were far from sufficient as a police force either in 
the town or the surrounding country. 

Besides, not content with other taxes, the government levied a transport tax or 
inland customs duty (the notorious likin #4 of the 19th century) en all commodities 
passing along the trade-routes whether by road or water-way. This institution never 
matured into a form compatible with modern commercial practice — the operations of 
the customs posts remained un-coordinated, no director-general was ever appointed 
to integrate the collections, the accounts were never audited, and peculation at all 
levels of the bureaucratic management was normal. Mindful only of the income, gov- 
ernments never attempted to facilitate the circulation of nationally important daily 
necessitics while taxing luxuries more heavily, no distinction being made between 
staple goods transport in large volumes, and minor items. Although the published 
duty rates were universally low, the collection was repeated at unreasonably short 
distances along the chains of inland way-stations. So the universal transit tax never 
developed into an instrument for the control of commercial transactions?’ 

Thus business risk was high; and the possibility for expansion severely restricted. 
The temptation for exceptionally successful merchants and their heirs to withdraw 
from trade was therefore great, all the more so because social prestige pertained 
alone to the educated scholar, able to join the charmed circle of the ‘gentlemen’ of 
the civil service. Who would want to be a wealthy parvenu if classical studies could 
give him gentility? It depended on what one’s aims in life were; going into business 
and making money was just not the way of life classically most admired in China. 
Hence mercantile profits always tended to be used for acquiring land and real estate 
property, or in buying luxury goods, or even for the purchase of positions in the 
civil service, whenever this was possible; not for industrial investment. The situation 
improved little in later times. The famous draft banks of Shansi merchants became 
prominent only in the 18th century, and the users were limited to a rather closed 


38 ‘This wentso far that it was the custom in well-to-do families to sew gold bars into the clothes of children so 
thatif they got lost or carried away; they might be able to turn it into money and come homc again safely. 
39 On ‘squeeze’ at all levels see above, p. 48. n. 13. 
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group. Business commitment, as in the collection ofdebts, was still always honoured 
on ethical principle, not entorced by law; while the financing of manufactures was still 
shunned by men of substantial means. All this emphasises yet once again that China 
was a society which for 2,000 years denied to merchants a leading role, whether as 


bankers or entrepreneurs, in the affairs of State; and if it remains true that the rise of 


modern science and technology in the West was connected with the rise of mercantile 
and then industrial capitalism, then once again we may be nearing an explanation 
of why that phenomenon happened only in Europe. There was a built-in ideological 
anti-commercialism in Chinese life,!° and it seems that if a Fugger or a Gresham 
could not have arisen in it, a Galileo or a Harvey could not have come into being 
either. 

Perhaps the most fruitful line of development that ought to be taken by Chinese 
history would concentrate attention upon the more economic aspects of Chinese 
inventions and contrivances. Why did the simple invention of the wheelbarrow" for 
inland transport flood through the empire without hindrance almost as soon as it 
appeared in the San Kuo period (+3rd century), nearly a millennium before Europe 
had it? Why did the enormous quantitative upsurge of iron and steel production” in 
the two Sung dynasties (+1oth to +13th centuries) not lead to some kind of industrial 
capitalism? When one knows that water-power was very widely applied to textile 
machinery in the 13th and 14th centuries (challenging comparison with what hap- 
pened in Europe in the 18th), and that those same spinning, doubling and twisting 
machines must have inspired the Italian silk industry of very little later, one is irre- 
sistibly impelled to ask why factory production did not quickly ensue??? We really 
do not have as yet all the full answers. In the past the magnetic mesmerism of the 


bureaucratic ethos on the successful merchant families has occupied a good deal of 


attention; now, besides this, we must think of factors like the failure of a free surplus 
labour market to develop, the failure to open up mass overseas outlets for Chinese 
goods and to integrate them with domestic production, the failure to widen capital 
expenditure with the formation ofa factory system, and all reflected in the inhibition 
of a money economy. Much closer analysis is needed of why social innovation only 
sometimes followed upon invention. The square-pallet chain-pump, for example," 
like the wheelbarrow and the co-fusion method of steel-making, spread everywhere 
within afew decades, but on the other hand the invention of hydro-mechanical clock- 


work, so brilliant an anticipation in the +8th century of the European invention of 


the +14th, never found application on a mass scale, and mechanical time-keeping 
remained confined to the imperial governors.* In truth the bureaucratic State had 
its Own impetus, and if social stability was more desired than economic gain or 


* This may be thought to have been connected with the ancient Chinese dislike for competition. 

H See Section 27 in SGC, vol. 4. pt. 2. 

+2 See Needham (t958b). The Development of Iron and Steel Technology in China, first published by the Newcomen 
Society in 958 anda second edition by Heft crs, Cambridge, in 1964. This monograph was the result of collaboration 
between my first collaborator, Dr Wang Ching-Ning (Wang Ling) and myself. 

+! Sec SCC, vel. 5. pt. 9, esp. pp. 225 ff. and 404 fÈ H See Section 27 in SCC, vol. 4. pt. 2. 

* See Needham, Wang & Price (1960), reprinted by Cambridge University Press in 1985. 
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general prosperity this might be only another way of saying that it was more to the 
advantage of the court and the bureaucratic scholar-gentry to maintain the basic 
agrarian social structure than to engage in, or even permit, any forms of commercial 
or industrial development whatsoever.?° 

One could perhaps say that Chinese inventions were often labour-saving in an 
agrarian socicty which needed labour to produce food in order to satisly the tunda- 
mental requirements of the very sizable population, but they could hardly become 
the starting-point of radical changes in production because while farm labour was 
often seasonally under-employed, the surplus man-power was hardly wansportable. 
The Chinese bureaucratic State organisation generally collected taxes and paid its 
apparatus in kind, and that proved to be incompatible with the accumulation of 
surplus capital in private hands. This then reinforced the nmmobility of the agrarian 
socicty, hindered the development of a diversified social stratification, and retarded 
the stimuli for the commercialisation of agriculture and the development of pro- 
ductive forces, despite the existence of a tremendous reservoir of technical skill and 
inventive genius. 

Furthermore, lack of investment impeded the exploitation of the nation’s natural 
resources, Though little mentioned in view of the seeming prosperity of the late 16th 
century, numerous mines throughout China were at that time abandoned. Previously 
a number of mines under both private and public ownership had failed; and the 
miners, receiving no compensation, had been obliged to take up banditry. In 1567 it 
actually became a national policy to seal off mines in the provinces. From Chekiang 
to Shantung, the sites were guarded by soldiers, the population in the adjacent areas 
was relocated, and even roads Icading to the mines were destroyed. Inadequate 
financing also attected salt production, an industry long under state monopoly. At 
the beginning of the Ming, salt producers evaporated the brine with huge iron pans 
measuring about twenty feet in diameter, but before the end of the dynasty most of 
thosehad disappeared, and bamboo baskets lined with alkali-treated paper were used 
in their place. Since the government itself was under financial pressure, it over-sold 
the future stock of its salt production to the merchants as a means of deficit financing, 
sometimes over a ten-year period. The accrued interests over the pre-payments were 
so high that the stock was no longer profitable. Now and then the sale came to a 
complete halt, and in the inland provinces acute salt shortages were felt. Unlike 
Europe and Japan, where banking consortia made advances when the government 
was under a credit pinch, the government of imperial China had no regular source 
to turn to, and often the result was that public services were curtailed. 

The overwhelming volume of evidence concerning official albuses and governmen- 
tal corruption in the Ming should not distract us from observing that the normal 
income of the government around 1600, at less than thirty million ounces of silver, 
was a rather small budget. Down to 190o the annual revenue of China under the 
Chhing was close to one hundred million ounces of silver, comparable to the level 


+ Far the ancient objection of the Chinese to ‘competition’ see Hallpike (i986). pp. 319 fE 
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in Englandin 1700. But Great Britain in 1700 had a population less than 2 per cent 
of China’s in 1900. The different approaches to the monetary problem may account 
in part for the difference. 

The most sombre aspect of the story is that the proceeds from agricultural surplus, 
given no proper outlet, tended to return to landholding and agrarian exploitation. 
It is an over-simplification, reflecting even a degree of naiveté, to say that the ex- 
ploitation only took the form of excessive rents demanded from tenant farmers by a 
few landlords. If that were the case, the revolution in China would not have become 
such a painful and prolonged struggle, nor could Western and Japanese imperialism 
have made inroads in China to the extent that they did. The exploitation was in fact 
carried out both on large and small scales, it spread over all levels in village life, and 
very often by those who had economic and social backgrounds quite similar to those 
of the exploited. Rents represented only one form of exploitation; other forms were 
usury, mortgage and share-cropping. Extant contracts testify that at least in the 16th 
century such practices were already quite common, somctimes cousins holding liens 
on parcels of land belonging to cousins, with interests on loans as high as 5 per cent 
monthly. Documentation during land reforms in the 1940s disclosed that the same 
practices were still being carried on then. 

The form of borrowing and lending was consistent with small-scale financing 
in traditional China. The contracts, drawn up in age-honoured tradition, became 
binding when witnessed by the village intermediaries, without governmental sanc- 
tion. Dispossession of the agricultural land in question took place as the fortunes 
of individuals changed, providing a high degree of social mobility in an agrarian 
setting. In the past 500 years both China’s population and her cultivated area have 
increased tremendously, and there can be little doubt that the expansion was in part 
financed by this type of inter-household loan. But in the light of the national econ- 
omy, all these channelled the agricultural surplus to support the smallest possible 
scale of farm operation, applying the greatest pressure to the cultivators who were 
least equipped to make technological improvements. The wages of the primary pro- 
ducers remained at subsistence level, and the idling of a large number of exploiters 
and partial-exploiters presented a more substantial loss to the economy than did 
the landlords. In other words, the whole continued process worked towards a large 
population, a general lower standard of living, even more scarcity of capital, and the 
grave economic and social problems which, exacerbated by colonialist incursions, 
agonised modern China. 

In a way, ironically, it was just because the agricultural technology of the Chinese 
countryside was so successful that the path lay open for increases in productivity 
to be swamped by growth of numbers of the labour force. There was therefore no 
incentive for further mechanisation, as there would have been ifa scarcity of labour 
relative to capital accumulation had been present to stimulate technical progress. But 
even so, the advances in technology which would have brought Chinese agriculture 
into the modern world are not thinkable without the appearance of modern science, 
and thus we are brought back again to the problem of the origin of that in Europe. 
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(5) EURePE’s Past 


Capitalism in Kurope was a phenomenon undoubtedly the product of many factors. 
Mihtary-aristocratic feudalism, in spite of allappearances, was weak and indefensible 
just where Chinese feudal bureaucratism was strong. Geographically Europe was an 
archipelago, studded with city-states in maritime trade and not averse from foreign 
conquest; moreover it existed in close proximity to another region of mercantile 
interests, the lands of the Arabic-speaking peoples. Greek science, reaching the Latin 
world through them, afforded a large part of the basis on which modern science was 
to be built (not all, because there were Chinese contributions); and inspired thereby, a 
manageable mathematics developed, with all its implications for accounting, banking 
and navigation.*’ ‘The success of the Reformation involved a decisive break with 
tradition, and Europeans were not slow to reach the conclusion that there could in 
fact be real change in history, and that the Lord would truly make all things new. 
Protestantism, with its direct access to God, meant literacy, and what began with the 
necessity of reading the Scriptures ended in the hitherto unheard-of phenomenon of 
a really literate labour force, so that the class barrier of the written word was swept 
away, and managers, engineers, artisans and workmen could shade into one another 
without sharp distinctions. Europe after the Renaissance could almost be thought of 
asa heap of tinder, and an ‘industrial revolution’ was bound to follow. 

It is interesting that the establishing of modern banks followed the path and 
timetable of the Renaissance, starting in the Italian cities, extending to northern 
Europe, and then spreading to England. The rising national States, unhampered by 
the Chincse type of bureaucratic centralisation, quickly shifted their emphasis from 
agricultural wealth to the development of revenue from industrial and commercial 
sources. The organisation of national debts and joint-stock companies ensued. 

Once the movement of modern science had started, a train of circumstances and 
events also followed, and it is possible to trace how from one discovery and inven- 
tion to another the modern world came into being in Europe and North America. 
The people of those regions were given extraordinary cues from Nature, and the 
chances were accepted. Before the end of the 13th century the British Isles generated 
important trading cities, especially London, and owing to their latitude there was 
great need for fuel. Open-seam coal was won at least as early as that, but it could not 
suffice. Then came the discovery of atmospheric pressure in Renaissance times,*® 
and by the 18th century the draining of mines, previously an insuperable limiting 
factor, could be accomplished thanks to the inventions of Savery and Newcomen 
(Fig. 9). Completed by Watt, the steam-engine brought the industrial revolution into 
being, spear-headed by the textile industries, especially cotton, and gave rise to the 
steam-ship and the railway. The new cotton industry in particular was assured of 
an almost infinite market. The steam-engine then reacted back on science with the 


*7 The importance ofthe conception of the quantitative cannothe minimised here. 1. must certainly be regarded 
as one of the roots of modern science. ‘How much? and Show many?” are vital. 

# The realisation that everything was subject to a pressure of 14 ibs per square inch led the way to the vacuum 
pump and the steam-engine. Sce Section 26 in SCC, vol. 4, pt. 1- 
PD g 4l 
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development of energetics and thermodynamics. In turn the 18th-century science 
of electricity found employment as clectrical enginecring, able to provide cheap 
and convenient artificial light and tractive power from central generating stations.*9 
Finally came petroleum engineering, also giving light at first, and lubricants too, 
but then with the internal combustion engine affording simple prime movers that 
could work unattended and drive in all directions, the small carriages arrived with 
which we are so familiar. Coal, iron and oil werc thus the real wealth of the Western 
world, far more so than gold and silver, and the peoples of the Western world were 
fortunate in that vast supplies of these natural endowments were to be found under 
their territories. Without them, modern science would have been nugatory. With 
them, but lacking modern science, as in China, new forms of society could not come 
to birth. 


(6) Cuina’s FUTURE 


With the above exposé as a background, it might seem that the world ought to have 
advised China to separate herself from her past and copy the West in earnest. In fact 
such proposals gained currency towards the end of the 19th century and were even 
accepted by a handful of Chinese intellectuals. History however has shown them to 
be fraught with problems. 

China did not enshrine the concept of the ownership of property as an inalienable 
right, not because her philosophers were incapable of conceiving the notion, but 
because the ideal showed itself as unworkable within China’s physical environment. 
China abstained from developing an independent judiciary, not because the Chinese 
were by nature contemptuous of law, but because in their history no stalemate be- 
tween equal citizens of city-states, or between king and feudal barons, calling for the 
arbitration of the jurist, ever developed. The lack of capitalist enterprise among the 
Chinese in late medieval and modern China was perhaps due to the conviction that 
political stability was a much greater good than economic gain. To be sure, Chinese 
merchants never lacked the virtues of initiative, honesty, thrift, capable accountancy 
and ingenuity, as has been abundantly shown by their success as businessmen, out- 
standing beyond their neighbours, in all the countries of the rgth-century hai-war 
3 4b (overseas) diaspora; but there the government and its difficulties were the care 
of others. What this background really indicates is that the solutions to China’s prob- 
lems are Far more likely to be found from reacljustments of classical moufs within 
rather than imitations of the world outside. A socialist form of society would seem 
to be more congruent with China’s past than any capitalist one could be, hence in 
part the reason for the victory of the Aung-chhan-tang # Æ % (Communists) over the 
Aiuo-min-tang AIR & (Nationalists) in our century; but now it will be likely to generate 


49 


It is difficult nowadays to think back to the time before there were powcr sockets on the walls of our living- 
rooms. An early science-fiction novel by Bulwer Lytton pictured a universal source of energy named wil which 
could be taken off from such sockets as a source of light and power. 
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managers on a totally different and higher plane. Once China finds the solutions to 
her problems, her experience should be invaluable to the rest of the world. 

It would be unwise indeed for them to abandon their assets and adopt modes of life 
which have always been foreign to them, but a realistic appraisal of the situation deters 
us from concluding that all problems have been solved. The technique of advancing 
a modern cconomy is to take advantage of situations of imbalance, not to build up an 
artificial balance. Transportation and labour costs, material availability, and market 
conditions determine the feasibility of an undertaking. Such considerations can be 
put off when necessary in a socialist country, but disregard of short-term profit usually 
arises because of emphasis on long-term aims, or to serve non-economic purposes. 
How to manipulate the priorities and serve divergent needs is a problem that is 
taxing China’s best brains today. There is no existing model to follow either, as a 
problem exactly matching China’s in nature and dimension has not arisen before. 
The next step to stimulate speedy economic growth may well be to generate greater 
inter-regional and inter-communal trade. This is of particular importance as China is 
abandoning the traditional approach of maintaining a large, undiversified and non- 
competitive economy. Local all-round development, with much decentralisation of 
industry, is felt to be more appropriate, 

The greatest risk that China may be exposed to is the creation of a generation 
of technocrats. The enormous problems of planning and co-ordinating economic 
activities inevitably lead to a certain degree of exclusive or jealous professionalism, 
which could only too easily pave the way for a new managerial class unwilling 
to take responsibility for the people’s livelihood. With the background of so large 
a working force, this could turn socialism into revival of the bureaucratic rule of 
imperial China, the very thought of which makes Chinese hair stand on end. The 
great preventive measure against this is the reform of education. Political and ethical 
education has therefore been given from time to time at least as much emphasis as 
technical knowledge, while qualification for higher education has been judged on 
the individual’s enthusiasm and dedication in serving society. This emphasis may 
sometimes have been pushed too far, but there is little sign of any retreat from it. 
All these, we may conclude, are relative rather than absolute matters. When any 
revolution begins to ripen, it always finds more flexibility in decision-making. Today 
the problem confronting the Chinese is the same as that which confronts the rest of 
the world; how to find a reconciliation of economic rationality with other qualities 
of life. What will make the Chinese solution different is China’s unique historical 
background, and everyone will have something to learn from it. 








(7) HISTORY AND HUMAN VALUES: A CHINESE 
PERSPECTIVE FOR WORLD SCIENCE AND TECHNOLOGY 


JosEPH NEEDHAM 


The first conception of this paper was that it should discuss the relationships between 
human values and science in the contemporary world, especially in China. But the 
more I thought about it, the more I came to feel that we needed not ‘a perspective 
for Chinese science’ but a ‘Chinese perspective for world science’. It seemed to me 
that certain Chinese values might be vitally helpful to man face to face with his own 
embarrassing knowledge.! 

First then we might consider: what really have been the relations between Chinese 
culture, and science, technology and medicine? What has the work of the past decades 
done, since the Second World War, to elucidate their relationship? And, thirdly, most 
important of all, what clues can we get about the help which the Chinese tradition 
and contemporary China could perhaps give for the ethos and operation of the World 
Co-operative Commonwealth? of the future? 

At the outset, of course, I have to declare, as is done in the House of Commons, 
a private interest; yet at the same time a certain authorisation for tackling these 
subjects. I am, then, a scientist by profession and training, a biochemist and embry- 
ologist, whose life, nevertheless, at sundry times and places, came by chance into 
close contact with the fields both of engineering and medicine. For four years dur- 
ing the Second World War I was Scientific Counsellor at the Briush Embassy in 
Chungking, directing the Sino-British Science Co-operation Office (Chung ling Aho 
Hsiieh Ho Tso Kuan Pix BAe $B), a liaison bureau which kept the scientists, 
engineers and doctors in beleaguered China in close touch with the free world of 
the Western Allies. I had been ‘converted’ (if the expression is permissible) to an 
understanding of the Chinese world-outlook by friends who had come to work some 
years before in my own and neighbouring Cambridge laboratories for their doc- 
torates, especially Lu Gwei-Djen, today my chief collaborator. ‘Vhis was the origin 
of the ‘Science and Civilisation in China’ project,’ which has taken me away from 
experimental researches for some thirty years past. Seven volumes have appeared, 
and the eighth is now going through the press; so one can calculate that my col- 
laborators and I have succeeded in producing one in each 3.25 years. Since seven 
or eight more volumes are in active preparation I have little difficulty in computing 


' Earlicr presentations of some rather similar thoughts have appeared in Necdham (1974a) and in Needham 
(1975), pP- 45-49. This chapter, in somewhat abbreviated form, was givenasa paper before the Canadian Association 
of Asian Studies in Montreal, May 1975. 

? F use this phrase to designate what [ belicve to be the immediate goal of human social evolution. It was a 
favourite one on the lips of Conrad Noel, parish priest of Thaxted in Essex, among the greatest of my teachers. 

3 An account of those days is contained in Needham & Necdham (1948), and Needham (1945). 

+ Cambridge, 1954- 
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the probabilities of my being able to correct the proofs of the last volume in propria 
persona. 

Since the series began to come out, two very great changes have taken place. When 
I first decided to become a full-time historian of science, I had not the slightest idea 
how topical the subject of Chinese science would turn out to be. A new ‘Chinoiserie’ 
period has almost come about. People simply do not know enough about Chinese 
culture, and everywhere they are avid for information. We never thought that we of 
all people would be called upon to supply it. Our original question was: why had 
modern science originated only in Western Europe soon after the Renaissance? Mais 
faites attention; un train peut cacher un autre! We soon came to realise that there was an even 
more intriguing question behind that, namely, why had China been more successful 
than Europe in gaining scientific knowledge and applying it for human benefit for 
fourteen previous centuries? 

We wanted to know many things. For example, how far did the Chinese get in 
the various particular sciences before the era of oecumenical world science began: 
and again, what, if anything, did they contribute to the origins of modern science 
itself? These are not questions | can answer in a few words here. All I want to say is 
that while we were sapping and mining to discover vast stores of information which 
had never been appreciated by the world as a whole, because still buried within 
the bosom of the ideographic language, historical events occurred in China leading 
indubitably to her elevation to great power status. Hence the feeling shared so widely 
all over the world that we must know more about Chinese culture and the Chinese. 

I would hike to return in a moment to these historical aspects, but before that 
I want to mention the second great change that has come about during the past 
thirty years — I mean that powerful movement away from science and all its works 
which characterises what has been called the ‘counter-culture’, and which is widely 
prevalent among the youth of the Western world at the present day. It is found 
not only in the West but also to some extent m the underdeveloped parts of the 
world, and I should be inclined to call it a deep psychological aversion from ‘big 
technology’ and the science which has given rise to it.? Moreover, the ‘disenchant- 
ment’ with science cuts across all political boundaries, because the inhumaneness of 
science-based technology is felt to a certain degree in the socialist countries as well 
as the capitalist ones. This is something on which there is much more to be said, 
but meanwhile my collaborators and I would like to declare for ourselves that we 
have in no way lost faith in science as a component of the highest civilisation, and 
we believe that it has done incalculably more good than harm to human beings. 
Indeed its development from the first discovery of fire onwards has been a single 
epic story involving the whole of mankind, and by no means separated out into 
incommensurable Spenglerian cultural entities.” At the same time it is only teo clear 


* This phrase echoes the ‘big science’ and ‘little science’ antithesis and the ‘background noise of low technology’. 
discussed in Price (1961) and other works. 

© In Spengler (1926), a book famous in its time, Oswald Spengler pictured the successive cultural entities. for 
example, Ancient Egyptian. Islamic, Indian, Magian, Chinese, Faustian, eic. as separate organisms having very 
little interaction between each other, and arising, llourishing. decaying and dying like incommensurable plant or 
animal forms. A revaluation has been done recently by Northrop Frye in Frye (197-4). 
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that modern science and technology, whether in the physical, chemical or biological 
realms, are now daily making discoveries of enormous potential danger to man and 
his society. Their control must be essentially ethical and political, and I shall suggest 
that this perhaps is where the special genius of the Chinese people could affect the 
entire human world. 


(1) THE HistoricaL BACKGROUND @F SCIENCE IN CHINA 


May I now return for a short time to the historical development of science and 
technology in China. I think it would be fair to say that the history of science, 
technology and medicine in Chinese culture has now really obtained droit de cité; 
it has become accepted and established (I hope not in any bad sense). It is worth 
looking briefly at a few details of the Chinese achievements. The mechanical clock 
has by long tradition been accepted as one of the most outstanding achievements 
of European mechanical genius at the close of the Middle Ages, and something 
without which modern science would never have been possible — but it remained to 
be shown that some six centuries of hydro-mechanical clockwork had anticipated the 
first clocks of Europe. Indeed one can say that the soul of the mechanical clock, the 
escapement, was not the invention of an unknown artisan about 1280 in Europe, but 
rather that ofa Tantric monk and mathematician, I-Hsing — 47 and his collaborator 
the civil official Liang Ling-Tsan 3 4 #%, in China in +725. (Fig. 10.) Here there 
was a close connection with mechanical models of the heavens continuously rotated, 
a development which arose as early as the +2nd century in China as a result of the 
fact that there astronomy was polar and equatorial rather than ecliptic.’ 

For nearly 2,000 years before the beginning of modern science there were no 
people in the world who observed the changes in the heavens more persistently, 
and recorded them with greater amplitude and accuracy than the Chinese.” I read 
recently an essay by the physicist Victor Weisskopf in which he spoke about the 
termination of the evolution of certain stars in those tremendous explosions which 
men observe and describe as supernovas.’ 


One of these occurred in the year +1054 and left behind the famous Crab Nebula [Fig. 11] in 
which we sec the expanding remnants of the explosion with a pulsar in the centre. T'he explo- 
sion must have been a very conspicuous phenomenon, in its first days surpassing the planet 
Venus in brightness. So different from today’s attitudes was the mental horizon in Europe 
at that time that nobody found this phenomenon worth recording. No records whatever are 
feund in contemporary European chronicles, whereas the Chinese have left us meticulous 
quantitative descriptions of the apparition and its steady decline. What a telling demonstra- 
tion of the tremendous change in European thinking that took place at the Renaissance! '” 


? The story has been told in detail in Needham, Wang & Price (1960). On the astronomical background sec 
SCC; vol. 3. pp: 229 M., 339 ff 

8 SCC, vol. 3, pp. 4.09 fF. ’ Weisskopf(1972); P. 94- 

10 Quite recently there was some correspondence in the London Times about the pulsar mentioned here, where 
it was said that the Chinese had described the bright new star in 1954, so of course I was unable to resist the 
temptation of writing to point out that this misprint had knocked off goo years from their achievement. 
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Figure te. An early mechanical clock embodying the escapement principle. See SCC, vol. 3, p. 458. Fig. 657. 


This is perfectly true, and radio-astronomers today habitually make use of the 
Chinese records, at least as far back as the beginning of our era. Many other exam- 
ples could be taken from these branches of science. For one thing only, the complete 
description of the phenomena of parhelia (mock suns and Lowitz arcs) was given in 
China in the +7th century, but not in Europe until the +17th.! 

Again, turning to technology, one could look at the morphology of the reciprocat- 
ing steam-engine. It is, I am sure, not widely appreciated that this was in all respects 
completed in China some 500 years before the time of Newcomen and Watt.!? 
The great difference was that the direction of energy transfer by interconversion of 


" CE SCC, vol. 3, pp. 473 A. More fully, Ho & Needham (:95¢a). 12 Needham (1963). 
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Figure 11. The Crab Nebula in Taurus. 


1R 


longitudinal and rotary motion was the opposite to the steam-engine, since the old 





the Chinese machine was driven by its water-wheel while its piston-rod worked upon 
m- metallurgical furnace bellows. Conversely, in the steam-engine, first steam and vac- 
ete uum, then steam alone, acted on the piston-rod, which accordingly by an identical 
in conversion, produced useful rotary motion (Fig. 12). 

In China one can find a step-by-step evolution of all the components.'? The 
at- eccentric came first of all, in the —4th century, for the rotation of querns; the crank- 
cts handle in the +2nd century; the eccentric and connecting-rod, so arranged that 
12 several pcople could exert power on the quern’s rotation at one time, in the +5th 
of century; and then the addition of the piston-rod in the +6th century, allowing the 


'3 Al details will be found in SCC, vol. 4, pt. 2, and Needham (1970) but new discoveries are still being made. 
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Figure 12. Diagram of interconversion oflongitudinal and rotary motion. Sec SCC, vol. 4, pt. 2, Fig. 607. 


application of water-power to bolting machines for cereal sifting? By the +13th 
century, and probably a good deal earlier, the assembly was employed for the blowing 
of furnace bellows, a fact which may well be one of the reasons for the astonishing 
development of the iron and steel industry in the Sung period. !° 

I must say that the achievements of traditional China in science, technology and 
medicine continue to surprise even ourselves all the time. Just recently, for example. 
we have resumed our work on the medical volume andhave been drafting the sections 
on acupuncture and other medical techniques. In the course of this we have naturally 
had to say a good deal about the ancient Chinese theories of the circulation of the 
chhi &, (pneuma) and the blood in man. I myself was at onc time inclined to believe that 
those interpreters were right who had seen the ancient Chinese circulation as being 
avery slow one of twenty-four hours duration; but much closer study of the essential 
passages in the Huang Ti Nei Ching convinced us that as far back as the — 2nd century 
the Chinese physicians had a conception of the circulation of the blood only sixty 
times slower than the Harveian circulation which we understand today. Many have 
long appreciated that Chinese civilisation was far more circulation-minded than any 
of the other ancient cultures, such as that of the Grecks,! but I was not prepared to 
find them so close on the heels of modern physiology. 

Secondly, we have been deeply impressed with the brilliance of the tie-up be- 
tween the acupuncture tracts and points on the surface of the body and the state of 


"This last development is attested for this date by a passage in the Leyang Chhieh Lan Chi Description of the 
Buddhist ‘Temples and Monasterics in Loyang), written by Yang Hstian-Chih in +547. It was first noticed by Dr 
William Jenner. 

'S See Robert Hartwell’s important papers. for example, Hartwell (1962), (1966) and (1967). 

Ië Cf Huard & Huang (1936). 
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alfairs, pathological or otherwise, in the viscera and other internal organs. A full two 
millennia before modern physiology the ancient Chinese physicians were aware of 
phenomena which today we would describe as viscero-cutaneous reflexes, referred 
pain, and those areas of nerve distribution on the surface of the body which we call 
Head Zones and dermatomes.!’ Since the ancient and medieval Chinese scientists, 
engineers and doctors, have been consistently surprising us ever since we started on 
this work at the end of the Second Werld War, I must say I am now expecting them 
to continue to do so for the rest of my life — and for very much longer if Westerners 
are still willing to look into the work of their Chinese predecessors. 

I hope truly that they will be large-minded enough to do this because after all, 
as the Roman said, humanity is one, and nothing human should be regarded as 
alien from us. I dare say it will take a certain high-mindedness, because ] have had 
many opportunities of observing that our work has been irritating for conventional 
Western minds; the achievements of science and technology were often what they 
were most proud of racially, and to show that others had done as much or more was 
hurtful to pride.'® But pride is a thing we can always do without. It weighs little in 
the balance of Anubis compared with love and friendship. 

Such was the grudging attitude of the establishment, of course, in the West, but now 
as time has gone on, we are faced with an entirely different and opposite reaction, 
that of the younger generation and the counter-culture, who would be inclined to say 
that if Chinese civilisation had done so much for science and technology, that would 
give it a bad mark in their estimation. So you cannot win. But that does not bother 
us, because we believe in science (though not in science alone), and we hold fast to 
what we regard as true historical perspective, without which no understanding of 
the past is possible. 

In the light of all this, some estimates of China with relation to science need 
complete revision, in fact relegation to the scrap-heap. The idea, for example, that 
Chinese scientific development has been ‘just a transplant’, something out of keeping 
with the cultural inheritance, is sheer nonsense. So also is the idea that China (or 
Japan, or Africa, or anywhere else for that matter) will be necessitated to adopt 
the ways of life of the Western capitalist world as a whole in adopting science and 
technology, is also nonsense, whatever may have been the superficial situation so 
far. Look at the almost total failure of the Church as a human institution in Asia. 
I found when I was in China during the war that people often used to refer to 
modern science as Western science (Hsi-yang kho-hsiieh Fy j#%} &), and I always used 


7 The literature of acupuncture is inchoate, difficult of assembly and full of pitfalls, especially for those who 
have no linguistic access to Chinese, but Mann (tg6zb), often reprinted, is a good beginning. ‘The latest edition 
should be usedl. 

'8 It has given us no small amusement to collect examples of these reactions. Obliged at last to acknowledge a 
non-European achievement, Westcrn historians of science and technology retire in geod order by redefining (to 
theirown advantage) what the achievement really ought to be considered to be. The first of all clock escapements 
may be Chinese, but the only truc, the only important, escapement, was the verge-and-foltot of course (SCC. vol. 4, 
Pl 2, p. 5-45). lhe magnetic needle may have been used first by Chinese mariners, but of course only the wind-rose 
attached to the magnet is the veritable boussole(SCC. vel. 4. pt. 3, p- 564). Chinese seamen first mounted axial rudders, 
no doubt, but of course there could be no true rudder witheut a sterupost (SCC. vel. 4, pt. 3, p. 651). This is what 
we call the Department of Face-Saving Redelinitions. 
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to say in speeches that on the contrary it should be regarded as Fsien-lai ti kho-hsiieh 
38 +k AYA, distinctively modern science, open for the participation of all trained 
men and women, totally irrespective of race, class, colour, creed and so on. Long 
afterwards I found that this attitude had been exactly the same as that adopted by 
the Khang-Hsi emperor in 1669, when he had insisted that the title of the work 
on mathematics and calendrical science prepared by the Jesuits should be Hsin Fa 
Suan Shu #3 & ff, and not Hsi-lang Hsin Fa Li Shu FOIE HE FEZ, as it had been 
twenty years earlier”? Though the emperor probably knew very little of the Royal 
Society, founded just at this time, he recognised with great acumen that the ‘new, or 
experimental, science’ was essentially new and not essentially Western. 

Of course the rate of growth in science and technology differed greatly between 
China and the Western world. The Chinese rise was slow and steady; it never had 
anything corresponding to the ‘Dark Ages’ which Europe went through.?! Some of 
the Greek contributions (perhaps Aristotle and Euclid) rose above the Chinese level. 
but between the +4th and the +14th centuries the level in Europe was abysmally 
below it; only with the Renaissance and the unleashing of modern science did the 
European curve rise quickly above the Chinese one and pursue its exponential 
increase to bring about the world we know. There was thus what might be called 
a décalage in the development, but there is one striking thing to note, namely that 
some of the greatest Chinese inventions took place precisely during the period when 
Europe was at its lowest ebb. For example, block-printing was going by the +8th 
century and moveable-type printing by the +1ith. The formula for the first chemical 
explosive known to man, gunpowder, was established in the +gth century; and the 
magnetic compass, which had existed long before as a geomantic instrument, was 
adapted to navigation in the +1oth. These were the three inventions singled eut 
by Francis Bacon.”” Clockwork too, as I have already mentioned, toek its rise in 
the +8th century, about the time when scholars like Isidore of Seville and Beatus 
Libaniensis were trying to save what remained of ancient knewledge, and when the 
number of plant species known ~ quite a good index of scientific capabilities — sank 
to its absolute minimum in Europe.”* 


(2) THE CoUNTER-CULTURE AND THE ANTI-SCIENCE M@VEMENT 


Let us now return to the anti-science movement and the counter-culture.2* Some of 
the most telling formulations of the disenchantment of the young with science have 
been presented by Theodore Roszak in his books, The Making ofa Counter-Culture,” and 
Where the Wasteland Ends.2° He and the young are against modern science — because 
they feel that it has had evil, totalitarian and inhuman social consequences. They 
are not content to put this down merely to misapplied technology; their criticism o 


9 CE Needham & Needham (1948), pp. 237-8. 

0 SCC, vol. 3, pp. 448 If. Needham (1958a). The change was from “The Wests New Calendrical Science’ t 
‘The New Mathematics and Calendrical Science’. 

21 See above, Needham, ‘The Roles of Europe and China in the Evolution of Oecumenical Science’. 

22 SCC, vol. 4 p. 19; Needham (ig6ya). pp. 62-3. 

23 CE Arber (1912), repr. 1953 and Jessen (1864). 4 Ch Lbid. * Roszak (t969). 26 Roszak (1972). 
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science itself goes deep. They attack ‘the myth of objective consciousness’,”’ detesting 
that ‘alienative dichotomy’ which separates the observing self from the phenomena in 
Nature,’ and sets up what they call an ‘invidious hierarchy’ which raises the observer 
to an inquisitorial level, free to torment Nature, living or dead, in whatever way 
will bring intellectual light.?? They feel too that science encourages a ‘mechanistic 
imperative’, that is to say, an urge to apply every piece of knowledge, in every possible 
way, whether or not its application is health-giving for human beings, or preservative 
of the non-human world in which they have to live.*° ‘The scientific world-view 
is thus accused of a cerebral and ego-centric mode of consciousness, completely 
heartless in its activity. It is not as if scientific methods of control were applied only 
to non-human nature; the ‘scientisation of culture’ is calculated to enslave man 
himself?! Vhere are many techniques of human control, such as the behavioural 
and management sciences, systems analysis, control of information, administration 
of personnel, market and motivational research, and the mathematisation of human 
persons and human society.*? In a word, technocracy is rampant, and the more 
complete the domination of Nature, the more fully does it become possible for ruling 
élites to increase their control of individual human behaviour.” 

Since Francis Bacon’s time the essence of the scientific method has been alien- 
ation, in the sense of an absolute distinction between the observer and the external 
world, with which he can have ‘no sense of fellowship nor personal intimacy, nor 
any strong belonging’.** Nothing inhibits the ability to understand, and after under- 
standing to manipulate and exploit to the full. Hence many of the cruelties which 
have undeniably been perpetrated in the name of modern biology and physiology. As 
I write these words there is news of a demonstration at the annual meeting of a great 
British chemical industry, protesting against the usc of dogs as experimental animals 
in studies of the cancer-producing properties of tobacco.” There is much that can 
be said against the ‘callousness’ of science, yet without what one might call clinical 
detachment no scientific medicine would ever have come into being. In the same way 
the opponents of science cannot deny its pragmatic value in that pharmacological 
knowledge does lead to the relief, or cure, of disease, and that flight would be impos- 
sible without a knowledge of aerodynamics and thermodynamics. The anti-science 
movement is in rather a quandary here for it can hardly wish mankind to return to 
the infancy of pre-scientific ignorance, while at the same time it is justifiably uneasy, 
indeed outraged, at the uses which are constantly made of scientific knowledge;*° 
and filled with fears for the future.*” 


27 Roszak (t969), pp. 205 ff 8 Thid, pp. 217 F. ® Ibid., p. 222. 
Ibid., pp. 227 if. This is the opposite of what I quote below from the Kuan Yin Tzu book andthe Gospels. 
Roszak (1972), p. 31. 2 CE Ellul (1964). 33 Cf. Leiss (1972). 3 Roszak (1972), p. 168. 
Fora recent study, bya biologist, of the ethics of animal experimentation, sec Roberts(1974). Cf. also Pappworth 
(1967). 

36 One hasonlytomention the Vietnam War in thisconnection, with its fragmentation bombs, napalm, computer 
analysis of terrain, vacuum asphyxia weapons, defoliants, cte. 

37 This whole subject has been the theme ef the late C. H. Waddington’s Bernal Lecture at the Royal Society: 
“Phe New Atlantis Revisited’ (PRSB (19754), 190, p. 301). He drew attention to the remarkable recent book by 
Pirsig (197 4)- 


31 


35 
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(3) THE Forms oF Human EXPERIENCE 


I am inclined to think that the real meaning behind the anti-scicnce movement is the 
conviction that science should not be taken as the only valid form of human experi- 
ence. Actually philosophers have been calling this in question for many years past, 
and the forms of human experience — religion, aesthetics, history and philosophy, as 
well as science — have been delineated in many integrated surveys.°? Roszak himself 
hints this, as when he denies that scientific objectivity can be ‘the only authentic 
source of truth’, or when he says that ‘we must be prepared to see the truth as a 
multi-dimensional experience’. 

Some of his most interesting insights arise from an exegesis of William Blake, 
where he demonstrates that Blake’s hatred of what he called ‘single-vision’ was really 
a criticism of the estranged monocular scientific experience considered as the only 
possible manner of apprehending the universe.*" Many other expositors of Blake 
have shown that his image of the ‘Four Zoas’ was really a recognition of the diversity 
of the forms of experience.*! For example, he wrote, 


Four mighty ones are in every man; a perfect unity Cannot exist but from the universal 
brotherhood of Eden, The Universal Man. ... 


In this peculiar psychology of mythical entities Urizen stands for the cold scientific 
reason, Luvah lor energy, passion, feeling andlove, Urthona for prophecy (aesthetic?) 
and ‘Tharmas for the power of the spirit (history and philosophy?). Some of these have 
consorts, shaktis or alter egos. Thus most penetratingly Blake named the ‘fallen state’ 
of Urizen as Satan, the god of brute unfeeling power, the spirit of the dark Satanic 
mills with their ‘cogs tyrannic’. So also the fallen state of Luvah was Ore, the chained 
beast of thwarted desire, religious persecution and repressive or revolutionary terror. 
Urthona contains in itself (hermaphrodite) a Yin/Yang pair, Los and Enitharmon, 
and all these war with one another, or become reconciled with one another, on the 
battlefield of Albion, the individual man. 

Among the most interesting recent treatments of the diverse forms of human 
experience is that of Victor Weisskopf, who suggests that they stand to one another 
in a relationship something like the Heisenberg uncertainty principle in physics, the 
dilemma ofindeterminacy or complementarity.” If one tries to investigate the details 
of the quantum state by some sharp instrument of observation, one can only do so 
by pouring much energy into it, and so destroying the quantum state. ‘lhe necessary 
coarseness of our means of observation makes ‘exact’ observation in the old sense 


38 1 call to mind especially here a book which had great influence on me when I was young, Collingwood 
(1924) (Speculum Mentis). Current discussions are numerous ~ for example Roszak (1974) together with the article by 
Weinberg (1974), p. 47. 

39 Roszak (1972), pp. 106, 189. +0 Ibid. pp. 74.8. 

* For example, Raine (1968) and Beer (1968). In Fala, or the four Zoas, G. E, Bentley has reconstructed the poem 
from Blake's chaotic notes. and given a facsimile reproduction of it (Bentley (1963)). 

42 Weisskopf (1972), P- 38: 
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impossible. One can either know the speed or the position ofa sub-atomic particle, 
but never both at the same time. Weisskopf writes:*? 


The claim of the ‘completeness’ of science is that every experience is potentially amenable 
to scienufic analysis and understanding. Of course many experiences, in particular in the 
social and psychological realm, are far from being understood today by science, but it is 
claimed that there is no limit in principle to such scientific insights. I believe that both the 
defenders and the attackers of this view could be correct, because we are facing here a typical 
‘complementary’ situation. A system of description can he complete in the sense that there 
is no experience that doesn't have a logical place in it, but it could stil] leave out important 
aspects which in principle have no place within its system. . . . Classical physics is ‘complete’ 
in the sense that it could never be proved false within its own framework of concepts, but it 
does not encompass the all-important quantum effects. ‘There is thus a difference between 
‘complete’ and ‘all-encompassing’. 

The well-known claim of science for universal validity of its insights may also have its 
complementary aspects. There is a scientific way to understand every phenomenon, but this 
does not exclude the existence of human experience that remains outside science . . . Such 
complementary aspects are found in every human situation. . . . 


Weisskopf goes on to say that whenever in the history of human thought one way 
of thinking has developed with force, other ways of thinking or apprehending have 
become unduly neglected, and subjected to an overriding philosophy claiming to 
encompass all human experience. This was obviously the case with religion and 
theology in medieval Europe, and it is certainly the case with natural science today. 
And he goes on to draw the very existentialist conclusion that 


the nature of most human problems is such that universally valid answers do not exist, 
because there is more than one aspect to each of them. In both these two examples great 
creative forces were released and great human suffering resulted from abuses, exaggerations 
and neglect of complementary ways of thinking.* 


Indeed this is most true, and the only way forward is the existentialist realisation that 
the forms of experience, which have a habit of contradicting each other flatly, are all 
basically inadequate ways of apprehending reality, and can only be synthesised within 
the individual life as lived. Here mutual control and mutual balance are of the essence. 
Couldn't we hope to learn something of this from our Chinese friends? As Weisskopf 
has said in another place: ‘human existence depends upon compassion, and curiosity 
leading to knowledge; but curiosity-and-knowledge without compassion is inhuman, 
and compassion without curiosity-and-knowledge is ineffectual.” This is a philosophia 
perennis. We find it again in Julian of Norwich, writing soon after 1373: “By reason 
alone we cannot advance, but only if there is also insight and love’. *® 

The whole anti-science movement has arisen because of two characteristics of 
our Western civilisation: on the one hand the conviction that the scientific method 
is the only valid way of understanding and apprehending the universe, and on the 


+3 Ibid., p. 349. Similar ideas have been expressed by 1. R. Blackburn in Blackburn (1971). 
i Weisskopf (1972), p- 351- 'S Ibid, p. 364. ‘6 Juliana (c. 373), ch. 56, p. 162. 
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other hand the belief that it is quite proper for the results of this science to be 
applied in a rapacious technology often at the service of private capitalist profit. The 
first of these convictions is held as a semi-conscious assumption by a great many 
working scientists, though formulated clearly only by a small number;*’ at the same 
time it spreads widely through the populations, often leading to great callousness 
and insensitivity in personal relationships, quite beyond the power of the traditional 
codes of religion and ethics to modify. Similarly, the mass-production technology 
of the capitalist world, so freely paralleled and imitated in the Soviet Union and 
the Socialist Republics of Eastern Europe, has indeed supplied the peoples of the 
developed world with a vast wealth of material goods,*® but only at the cost of 
debauching their aspirations, limiting their freedoms, and imposing controls every 
day more insidious and unhealthy. 


(4) CHINA, EUROPE, ‘SCIENTISM’ 


This brings me to the first of the fundamental points which I want to make. The 
contribution of China to the world may be particularly valuable because Chinese 
culture has never had this post-Renaissance ‘scientism’. Since modern science did 
not develop in China originally, but only in Europe, there was never any necessity for 
a Chinese William Blake to oppose the ‘single-vision’ of Isaac Newton's conception 
of the universe, nor did a Chinese Drummond or Kropotkin have to do what he 
could to oppose a Chinese Huxley. In spite of the debate about scientism in China 
in the first decades of this century,*? Chinese culture has never been really tempted 
to regard the natural sciences as the sole vehicle of human understanding. This was 
all the more the case because for twenty centuries an ethical system not based on 
supernatural sanctions had been completely dominant in Chinese society; and it 
was history, not theology and not physics which had been the regina scientiarum. This 
dominance of morality is perfectly represented in China at the present day by the 
slogan ‘put politics in conimand’, for this essentially means human moral values, and 
that in practice means the health and well-being of your brother and sister at the 
bench, in the field, on the shop-floor, and next to you in the office or at the council 
table. In China you will not be tempted to regard him or her as ‘nothing more than’ 
a behaviourist automaton, or a walking flask of amino-acids and enzymes, because 
by the wider wisdom of Chinese organic humanism, you know that he or she is a 
lot of other things as well, for the full reality of which mechanistic or reductionist 
scientific explanations, however successful for limited ends, can never suffice.°° This 
is my first fundamental point. It may be that scientism, the idea that scientific truth 
alone gives understanding of the world, is nothing but a Euro-American disease, and 


V Cf. Crick (1966), Skinner (1971) and Monod (1971). See also the critical enquiry onthisby eleven writers edited _ 
by Lewis (1974). Fo the samc tradition of ‘scicntific positivism’ and reductionism belong Morris (1967), The Nak 
Ape, and Medawar (1967), The Art ef the Soluble. 

#8 Described as affluence witheut altruism — the failure of the ‘Welfare State’, *9 See Kwok (1965). 

5 The Chinese talk about the love and service of ‘class brothers and sisters’ but this is what they really mean. 
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that the great contribution of China may be to save us from the body of this death 
by restoring humanistic values based on all the forms of human experience. 

It may be that the roots of the matter, why Europe has suffered so much from this, 
go back very far. Roszak, in the second of his books, has traced the desacralisation of 
Nature,” which has been so important for modern science, to the ancient Jewish anti- 
idolatry complex inherited by Christianity.°? This led, he suggests, to what one might 
call ‘nothing-but-ism’, i.e. (in its first form) the conviction that the statue ofa Greek 
or Roman god was nothing but a statue, totally devoid of all magical or worshipful 
properties. Islam of course inherited this too; ‘thou shalt have no other god but God, 
and Muhammad is his prophet’. And Christendom and Islam both inherited the 
aggressive intolerance which Hebrew monotheism had from the beginning infused 
into this issue. But to modern minds, especially those acquainted with Buddhism or 
Taoism, it would seem that far too much fuss was made about idolatry by the Christian 
theologians, rising to a crescendo with the Protestant Reformation (so significant 
always for the birth ofmodern science); because in a way it never really existed at all — 
for every intelligent person the statues must always have been thought of as symbols 
and temporary residences of the god or spirit invoked. Even quite simple people 
must have understood this. Certainly it was the attitude of the Neo-Platonists.°° 
But the point is that this theological ‘nothing-but-ism’ was a pre-figuration of the 
reductionism of modern science. It was a mental predisposition, a preparatio evangelica 
scientifica damnata. 

First, for example, there was the suppression of secondary qualities from Galileo 
onwards, then after the coming of modern chemistry there was the belief that all the 
phenomena of life and mind could be explained without residue by the properties of 
atoms and molecules, ultimately of the sub-atomic particles themselves. We are not 
complaining that all this banned magic entirely from the world, or denied to Nature 
its authentic enchantment, because that is just the sort of thing which science has to 
do — within its own realm — but we are saying that the anu-idolatry complex paved 
the way through the centuries for the ‘nothing-but-ness’ of mechanical materialism 
and scientism. It attacked all the lesser sacralities in the name of the God of Abraham 
and Jacob, and this was all right as long as the creator deity of the Hebrews remained 
secure on his celestial throne, but when belief in the supernatural collapsed under 
the attacks of mechanical materialism, nothing holy was left anywhere. 

How different was the situation in East Asia. Since the Chinese were never among 
the ‘People of the Book’,** like Jews, Christians and Muslims, they never had the 
anti-idolatry obsession. The holy was never identified with the supernatural because 


3! Tt is of much interest that a Persian philosopher of science, Said Husain Nasr, has recently also invcighed 
against this, from the standpoint of Islam. A critique of his interesting books, Said Husain Nasr (1968a) and Said 
Husain Nasr (1968b) will be found in SCC, vol. 5, pt. 2, pp. xxiv ff. His complaint against science echoes that of 
Roszak, but he has less appreciation of the validity of scicnce as a form of experience in its own right. Onc may 
not like some of its attitudes and blindnesses ~ mais c'est la nature de animal. 

» Roszak (t972). pp. 109 ff. 53 On all this see Bevan (1940). 

> This is a famous Muslim expression. When the Muslims in their great expansion encountered Hindus or 
Buddhists they were liable to insist on conversion to Islam at the point of the sword, but Jews and Christians were 
tolerated as minorities. even if oppressed, because they also accepted the Old Testament as a sacred book. 
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in Chinese thought there never was anything outside Nature. The numinous, the 
holy, could be, and was, present at many points within and beyond the world ofman, 
‘The world is a holy vessel’ says the Tao Te Ching, ‘let him that would tamper with it, 
beware’. Thus once again Chinese culture was not under the same drives as that 
of Europe, and wherever you look, whether in Chinese organic philosophy or the 
beauty of Nature as interpreted by the Chinese artists and poets, or in the studies of 
Chinese historians, this ‘nothing-but-ism’ never came up — and most important of 
all it never dominated in Chinese science and technology, great and world-shaking 
though their discoveries and inventions were. It may well be that this absence was 
one of the limitations, like the presence of that tension between the separated sacred 
and secular in Europe, which prevented the rise of modern experimental science 
in China, and encouraged it in the West; but that is no ground for doubting that 
Chinese level-headedness may now be deeply needed and called upon to rescue the 
Western world from the slough of mechanical materialism and scientism which it 
has fallen into. 

Ifthe anti-idolatry complex of Israel and Christendom had been the only influence 
leading to reductionism in Europe the compulsion might not have been so strong, 
but it was reinforced from quite a different quarter, the atomism of the Grecks. The 
schools of Democritus and Iipicurus held, broadly speaking, to a mechanical materi- 
alism, and it was put into prophetic imperishable poetry by the great Lucretius. One 
is accustomed to think of a schizophrenia of Europe, torn between the theological 
world-picture and that of materialist atomisim, but in this particular they were closely 
allied; for while the former reduced the holy objects of antiquity to common wood 
and stone, the latter reduced not only wood and stone but also flesh and blood to 
the fortuitous clashing of hard impenetrable massy particles. Again in China what 
a difference! Buddhist philosophers must have talked much about the advanced 
atomic speculations of India, but never with any perceptible effect, for the Chinese 
remained perennially faithful to their prototypic wave theory of Yin and Yang, uni- 
versal transmission in a continuous medium, and action at a distance. The Yin and 
Yang, and the Five Elements, never lent themselves to reductionism because they 
were always inextricably together in the continuum, and in the organic phantasms 
which came and went within it; never separated out, isolated or ‘purified’, even in 
theory. So once again there was no ‘nothing-but-ism in Chinese thought to parallel 
what Greeks and Hebrews joined together to create in the West. 

Nothing that I am saying here, however, should be taken to indicate that there 
is anything different about modern science in China today from that in the rest of 
the world. Recently when lecturing in Brussels and Ghent I came across a curious 
idea that the practice of modern science in China today was as diflerent from that 
in the rest of the world as modern science had been, in its turn, from ancient or 
medieval science. This was a notion doubtless stimulated by the success achieved 
in China in drawing peasant-farmers and working people of all kinds into the field 


53 Ch. 29, Waley (1934). P- 179- 
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of observation and experiment, but it has no force. Science is one and indivisible. 
The differences are essentially sociological — what you do science for, whether for the 
benefit of the people as a whole, or for the private profit of great industrial enterprises, 
or for the development of fiendish forms of modern warfare; in a word, your motive. 
The differences will also be great according to whom you get to do it, whether 
you confine it to highly trained professionals, or whether you can use a mass of 
people with only minimal training; and this means again how you manage the whole 
affair. 

But basically, modern science must be identical under every meridian. ‘There is 
only one logic of controlled experimentation, only one application of mathematical 
hypotheses, and their testing by statistical methods. There are canons here which 
cannot be transgressed; the basic method of discovery itself, which was discovered in 
Galileo’s ume. The ‘paradigms’ of course change, and have changed, as knowledge 
increases, for example when the Einsteinian world-system was superimposed on the 
Newtonian one, but that does not alter the basic character of the scientific method 
itself. Or again, beliefs that were held in ancient and medieval times can come 
obliquely true in the light of later discoveries; for example, on the atomic level, the 
dream of the alchemists of transmuting baser metals into gold was bound always to 
remain a dream, but after the discovery of radio-activity it became possible to turn 
one element into another, including gold, by the addition or subtraction of electrons. 
No, science is a unity, and it is not done differently in China from anywhere else; 
but what we can rightly object to is the idea that science is the only valid way of 
apprehending the universe. Perhaps we fell into this mistake because modern science 
originated among us in the West; conversely the Chinese never had the temptation 
under which we fell, and now is the time for them to give us help to climb back to 
the realm of true humanity. 


(5) THE CHALLENGE OF TECHNOLOGY AND MEDICINE 


Let us turn now to an entirely different aspect of the situation. Even in a properly 
balanced human socicty, where the natural sciences were counterbalanced all the 
time by what used to be called in Cambridge the ‘moral sciences’, and other forms 
of human experience such as the religious and the aesthetic, there weuld still be 
great difficulty in dealing with the all but intolerable ethical choices which applied 
science places before mankind and will increasingly place as time goes on. The young 
people of the counter-culture are revolted by the necessity of making such choices, 
but neither they nor we can go back to the ‘bliss of ignorance’ as in primitive times. 
Actually it never was bliss of course, because the very mission of science was to lead 
us out of the wilderness of ancient fears, taboos and superstitions. But the promised 
land will never be won by science alone. The control of applied science is probably 
the greatest single problem for humanity today, and one might even go so far as to 
wonder whether the most penetrating social critiques, such as the theory of the class 
struggle, and historical materialism, are not simply aspects of this basic question. 
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No doubt man has becn facing it ever since the discovery of fire, but today it 
threatens his very existence. Everyone knows about nuclear power and the devastat- 
ing possibilities of nuclear weapons,”® but such apparently simple problems as the 
disposal of the radio-active waste from nuclear power stations are nightmares to 
those who worry about the social responsibilities of science.°’ Nowadays mathemat- 
icalengineering is almost as dangerous, and the possibilities of ‘artificial intelligence’. 
and the vast computing machines which can and will be built, with their fabulous 
information storage and retrieval, are quite breathtaking. The privacy of the individ- 
ual is now endangered, the rights of children to be taught by living teachers, and the 
safety of whole populations exposed to the danger of some electrical or mechanical 
fault when computers are harnessed to ‘defence’. 

The possibilities of biology and medicine are at least as challenging. My own 
professional background has made it natural for me to follow such developments. 
One of the largest fields in which they arise is that of generation, for this is the 
first time in human history that man is on the point of acquiring absolute con- 
trol both of reproduction and infertility. All too soon we shall be in possession of 
means for controlling the sex of the human embryo. After this the sterilisation of 
whole groups might become a live issue. Ethical controversies have raged for years 
round contraception and abortions but problems are also raised by the new foetal 
medicine, which can detect grave abnormalities long before birth,°? and by artificial 
insemination, which is only by convention attached to infertile marriages,’ Legal 
considerations and changes are lagging far behind the actual possibilities, such as 
spermatozoa banks, maintained from donors outstanding for physical or intellectual 
brilliance, and possibly several generations older than the receiving womb,"| 

Again, now that we know the chemical structure and coding of the semantophore 
molecules of deoxyribonucleic acid (DNA) which carry the instructions for making 
each new human organism, infinite possibilities are open for interfering with this 
hereditary material.°* That would be biological engineering applied at the molecular 
level; one could envisage the insertion of an entircly new piece of chromosome, 
or the removal of another. Or one could produce hitherto unheard-of hybrids by 
substituting a mixed-cell nucleus for the original one of the fertilised egg itself: These 
may seem distant prospects, requiring enormous expenditure of money; but there 
has already been unexpected success in transferring genes (the hereditary units) from 


6 Cf. the recent lecture by B. T. Feld, ‘Doves of the World, Unite”, Feld (1974), p- 910- 

57 Cf. Lovins (1975). °® See Anon (1974). 

° This is called amniocentesis, the cytological examination of cells sampled by biopsy from the embryo and its 
membranes. 

59 CF the Ciba Foundation Symposium (1973). 

S! On all these questions see Jones & Bodmer (1974), a study by a British Association Working Party. 

®2 See the Trueman Weod Lecture of C. H. Waddington (1975b). My old friend and collaborator takes a 
refreshingly cool viewof the dangers before us because of the immensc expense which researches in such embryolegy 
and genetics involve, and the conseguem certainty of public scrutiny. I am not so optimistic, for two reasons (a) the 
possible activities of totalitarian states, and (b) the doubt that public scrutmy — or debate — necessarily leads to right 
ethical policy. As Waddington himself says: ‘one wonders whether we are intellectually, emotionally, or morally 
preparcd to face such choices .. .’. 
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one lot of bacteria to another? Certain viruses can pick up genes and put them 
into the bacterial nuclear systems. What if an antibiotic-resistant strain of bacteria 
were produced, which quickly spread all over the world like wildfire, and decimated 
human populations? That this is a real danger has been shown by a self-denying 
ordinance achieved very recently in Calilornia,°* where the scientists working in 
these fields agreed to establish a moratorium on such experiments, at least until 
more laboratories with adequate safety equipment and security became available. 
Here there is one very tempting possibility open to mankind, namely the possible 
insertion into plants of genes favouring the symbiosis of nitrogen-fixing bacteria, as 
happens in the leguminous plants today. If that could be arranged for the staple crop 
cereals it would be a gift to humanity almost as great as the gift of fire. What effect 
would this immeasurable increase in food production have upon the human race? 
Medicine is also confronting humanity with almost insoluble problems, The 
conquest of transplantation intolerance has already led to a great proliferation of 
organ transplants, and no doubt the surgeons in time to come will have access to 
whole banks of spare parts for human beings.® But transplantation studies go much 
further, for it is now possible to make chimaeras between animal species, since certain 
killed viruses make the tissues stick together, and this could be used to unite human 
with animal tissues. What is going to come of that? Ethical problems also arise in 
all cases where the treatment may be very expensive, needing elaborate machinery — 
for example the kidney machines which dialyse the blood, and can keep a person 
going even though his or her kidneys are only able to function very ineffectively. Who 
is going to choose who gets the advantage of restricted techniques in short supply? 
Again, much work is being done on the fertilisation and cultivation of human 
eggs in vitre up to the blastocyst stage before their reimplantation into a uterus to 
go on developing until term.® Aldous Huxley in his famous novel Brave New World 
visualised the isolation of totipotent blastomeres so as to reproduce many identical 
copies of low-grade human beings, and this is not at all impossible.” But there are 
other ways of effecting such ‘cloning’. For example, nuclei from adult cells can take 
the place of the egg’s own nucleus itself, so that a whole regiment of individuals with 
identical genetic material could be created. The question would then arise: do all 


®3 This was the great discovery of the ‘transforming principle’ (free genes) by Avery and others. Its importance 
in relation to the solution of the problem of the genetic code has been clearly breught out by Olby (1974). 

© This was the Berg Conference at Asilomar, on which scc /nlernational New's (1975). 254, p. 6. Self-imposed 
controls for research involving genetic transfer techniques had already been adumbrated in the Ashby Report 
(1975). This was followed by the Report of the Working Party on the Practice of Genetic Manipulation, presented 
to Parliament in August 1976, drafting a code of practice. under Professor Sir Robert Williams, Chairman. 

6 The opening of such a laboratory by Imperial Chemical Indusiries at Runcorn was announced in the London 
Times, 6 June 1975. 

66 One of the most obvious, and widely debated, is of course that of euthanasia. On all these questions, see 
Leach (1970). 

6? CF, the Ciba Foundation Symposium (1966). 

68 H. G. Wells (1896). His prophetic sland of Dr Moreau has become only too real a possibility, 

ee Cf. Edwards (1974), p. 3, and Edwards & Sharpe (1975), p. 87- 

My review in Scrutiny (1932), has been reprinted in Watt (1975), p. 202. It was closely in tune with what is now 
being said here more than forty years later. 
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human beings have an inalienable right to individuality? Such is the fix that Faust 
has got himself into, and the young suspect that they know why. 


(6) Cutna’s IMMANENT ETHICS 


I could go on a lot longer, but it must be evident that humanity has never hitherto 
had to face anything like the tremendous ethical problems posed by the physico- 
chemical and biological sciences.’' Now it is not at all obvious that the traditional 
cthics of the Western world, even with all its tomes of moral theology and casuistrv. 
is the best equipped to deal with these problems, and certainly not on its own. Even 
within the sciences it is not obvious that the traditio 1al modes of thinking of Western 
philosophy are the most adequate for the extraordinary and incredible events which 
goon in the world of sub-atomic particles; and indeed there are those, such as Odagiri 
Mizuho,’? who are showing that Buddhist philosophy may give a good deal of help 
to the nuclear physicist which could not come from Western ideas alone. Here we 
can do no more than raise this point. What needs saying is that most of those who 
have worried quite properly about the control of applied science in the West have so 
far failed to realise that there is a great culture in the East which for 2,000 years has 
upheld a powerful ethical system never supported by supernatural sanctions. ‘Ihis 
is where Chinese culture may have, I think, an invaluable gift to make to the world. 
Nearly all the great philosophers of China have agrced in seeing human nature as 
fundamentally good, and considering justice and righteousness as arising directly out 
of it by the action of what we in the West might call the ‘inner light’. ‘The Johannine 
light, perhaps, ‘which lighteth every man that cometh into the world’.’* Let men 
and women have proper training in youth, the right ideals, and a classless society 
which will bring out the best elements potentially within them.’* 

For the Chinese, then, ethics was accepted as internally generated, intrinsic and 
immanent, not imposed by any divine fiat, like the tables of the law delivered to 
Moses on the mountain. I should go so far as to say that never have the Chinese 
been more faithful to this doctrine, interpreting it in terms of selfless service to 
others, to people, than they are at the present day. èi jen min fu wu! A AR ARB. 
This is my second fundamental point. If the world is searching for an ethic firmly 
based on the nature of man, a humanist ethic which could justify resistance to everv 


7L CE the Ciba Foundation Symposium (1972). 

72 See for example his paper Odagiri (197-,)and Odagiri (1955-62), numerous papers. Others have been thinking 
along similar lines, notably Capra (197.4), p. 3. We now have his boek, The Tao of Physicy (Capra (1974))- 

18 John tg. 

4 Is it not a remarkable fact that the charismatic leader of the eight hundred million ‘black-haired people’, 
Mao Tse-Tung, should be a social and ethical philosopher, not a military man. Plato's famous remark would be 
relevant here, though it docs not seem casy to point to any European parallel. The contrary is only too obvious, 
from Alexander the Great to Napoleon, Hitler and Mussolini. And when philesephers or natural philosophers did 
appear at the tep in Europe, as perhaps Alfonso X of Castile er Rudolph II in Prague, their reigns were not very 
successful. In the Chinese case we have millennial background of respect for scholars and thinkers. 1 am indebted 
for this point to a conversation in Montreal with Ronald Melzack and Elizabeth Fox. 

3 Jn everything you do, let it be done for the people.’ 


Faust 


herto 
'SICO- 
ional 
Nstry, 
Even 
stern 
vhich 
lagiri 
help 
re we 
“who 
IVE SO 
rs has 
This 
vorld. 
ire as 
yout 
anine 
men 
ciety 


c and 
ed to 
unese 
ice to 
P 
irmly 
every 


hinking 


people’. 
ould be 
wvious. 


hers did 


BOL very 
adebticd 





30 GENERAL CONCLUSIONS AND REFLECTIONS 85 


dehumanising invention of social control, an ethic in the light of which mankind 
could judge dispassionately what the best course to take will be in the face of the 
multitude of alarming options raised by the ever-growing powers the natural sciences 
give us, then let it listen to the sages of Confucianism and Mohism, the philosophers 
of Taoism and Legalism.’® Obviously we must not expect from them exact advice on 
choices arising from techniques which they would never have been able to imagine. 
Obviously, also, we are in no way bound down to the formulations they gave to their 
ideas in ancient feudal, or medieval feudal-bureaucratic society — time marches on. 
But what matters is their spirit, their undying faith in the basic goodness of human 
nature, free from all transcendental clements and capable of leading to a more and 
more perfect organisation of human society. 

I could put it this way in a kind of fantasy. If in some future incarnation I were 
ever to find myself a member of the Council of the Human Biology Authority of 
the World Co-operative Commonwealth, I know exactly whom I should be want- 
ing to sit on the Board with me. I should like a few Jews, for they have a most 
noble ethical instinct,” but above all I should pray for Chinese colleagues, the 
descendants of the sages, with their sense of justice and righteousness (“ang hsin 
fy) and their profound understanding of what constitutes the fullest, healthiest life 
for man on earth. I would expect from them a firm realisation of the dangers to which 
science exposes us, and which we must at all costs avoid. The saying in the Auan 
Jin Tzu book may well come true: ‘Only those who have the Tao can perform these 
actions — and better still, not perform them, though able to perform them!” Doesn’t 
this echo amazingly the narrative of the Temptations in the Gospel?’® 


(7) CHINA AND THE MATTER-SPiIRIT DICHOTOMY 


Once again let us set offin a different direction. What else could Western society 
profitably learn from the Chinese tradition? What wouldhave to come about in world 
socicty as a whole to allow of the integration, or ‘oecumenogenesis’, of Eastern and 
Western cultures? ‘lo begin with, there is one thing which seems to me to have been 
insufficiently discussed so far, and that is whether the extreme division of the world 
into spirit and matter, so characteristic of European thought, has been a good thing 
or not. It is certainly extremely un-Chinese, for we find in all branches of the history 
of science in China that there was a great reluctance to make this sharp dichotomy. 
China was profoundly non-Cartesian. I always remember a friend of mine at the 


“© At the present time in China Confucianism is unpopular and the good points of the Legalists are being 
rediscovered. This is quite justified because for far too long certain aspects of Confucius’ teachings, especially the 
subjection of women, had been taken in a ‘fundamentalist’ way, without historical criticisms of his acceptance of 
feudal or proto-feudal society. But like all the other Chinese sages he gave his ethics a naturalist, not a supernatural 
basis; and he certainly propagated the doctrine that every man who could profit by education should have it. 
regardless of birth or wealth. Mo Ti. with his “universal love’, is now widely appreciated, and the Taoists gencrated 
a wisdom implicit in most of what all Chinese instinctively do. 

7 T have found a unique consciousness of cthical values among them, as in my friend Louis Rapkine, now long 
dead, whose patron saint was Benedict Spinoza. 

NE Chis lay “9 Luke 4:3-13. 
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B.A.’s table in Caius many years ago growing sarcastic at the expense of aberrant 
scientists like Oliver Lodge, and saying how ‘these silly fools don’t realise that you 
can’t turn matter into spirit just by making it thin!’®” Yet that is precisely what the 
Chinese were doing all through the ages. It is a curious thought that while matter 
in the West began as being very material, and got to be more and more ethereal as 
time went on and the Bohr model of the atom came to be accepted, in China on the 
other hand chhi A, which started as a very ethereal sort of pneuma, came to embrace 
even the most solid of matter by the time of the Neo-Cenfucian scholastics. 

At all events, the disinclination of the Chinese to draw any sharp line of distinction 
between spirit and matter was at one with their deeply organic philosophy, and their 
psychosomatic medicine too, developed so long before Europeans came to the same 
outlook. Of course in modern times there have been in the West many types of 
philosophy, such as that of A. N. Whitehead, which have done away with the sharp 
distinction, and a non-obscurantist organicism characterises the best experimental 
biology going on today. In the old palaestra, or gymnasium, where vitalism battled 
long ago with mechanicism, a struggle continues between reductionists and anti- 
reductionists.®! But it is rather shadow-boxing, because it must be perfectly obvious 
that while the different integrative levels in living organisms only acquire their full 
meaning when related with the levels above and the levels below, the properties and 
behaviour of all living things up to the highest levels must be implicit ¿n potentia in 
the nature of the protons and electrons that build them up. But of course if you 
only knew the protons and electrons, and had no knowledge of the highest levels 
of integration and organisation, it would be impossible to predict what those would 
be.®? This is what | mean by non-obscurantist organicism. It fits into the traditional 
Chinese world-picture much better than it does to that of Europe, so bedevilled as 
always by traditional theological philosophy. 

The sharp division between spirit and matter probably has as one of its most 
important correlates the equally sharp distinction between the relative value and 
significance of mental and manual labour.*? It is evident that Chinese society today 
is making a great effort to overcome this, and to convince people that the use of 
the body is as important and health-giving as the use of the brain.** Mention has 
already been made of the recruiting of manual workers into the ranks of scientific 
observation, and by the same token it is considered highly desirable today that 
managerial, technological and intellectua) workers should do a period now and 
then at the bench or in the field. No one who has any acquaintance with Chinese 
industrial production at the present time, even if only through printed or written 
accounts, can doubt that a tremendous revolution has taken place in industrial 


8 CF SCC, vol. 5, pt. 2, p. 86. *! Sce the interesting paper of Engelhardt (1974), p- 11. 

82 Exactly the same point of view is put by Weisskopf (1975), p. 15- 

83 Tor a wide-ranging study of labour and its cthics sec the remarkable survey and bibliography by Weltfish 
(1975) 

êt China has had to mobilise a vast society and solve innumcrable institutional problems, to create a viable 
educational system, to gain access to modern technology and to provide health services for everyone; but the success 
of all this depends on the acceptance ofa universal value system based on solidarity, revolutionary mentality and 
the primacy of moral over material motives. Cf’ Ganiére (1974), and Oldham (1973), pp. 80 ff. 
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relationships.® Artisans, craftsmen and workers are encouraged to take initiative, 
bring forward inventions, tackle jobs co-operatively, and manage their own affairs 
within the framework ofa great factory. 

It is extremely interesting that the most enlightened sectors of Western industry 
have begun to follow similar lines. For example, it is common knowledge that 
two at least of the great Swedish firms in the motor car industry have completely 
abolished the assembly-line, which in the days of Henry Ford certainly increased 
mass-production but reduced the individual worker to a machine carrying out one 
simple task at a predetermined tempo along with other machines. Such jobs were 
dull and tiring, and destructive of the worker's self-esteem. Widespread disalfection 
showed itself, and continues to show itself, in the form of high labour turnover, 
chronic absenteeism, poor workmanship and even sabotage. Thus the principles of 


job simplification, repetition and close control are now giving way in many industrics, 


even in the capitalist West, in favour of organisation in autonomeus small groups 
shaped to fit particular jobs. Such groups can solve problems, learn from the problem- 
solving, and derive satisfaction from it. They can study, reason, evaluate and strive 
towards goals, while doing all the time not one particular repeated thing but a 
considerable variety of technical operations.®’ Now insofar as autonomous group 
production gives the worker more opportunity to influence his own job, to take on 
responsibility, to solve problems, and to advance his own developnient, as well as 
co-operating much more fully and joyfully with his mates, it is following methods 
and ideals which are typically Chinese. This does not mean that the conveyor-belt 
is abolished; on the contrary it is still useful, but as a tool or means of transportation, 
not simply as a source of unvarying stress and strain. The delegation of power and 
influence to the manual worker is going to become quite normal and undramatic in 
all forms of developed society; and it springs from the basic principle that manual and 
mental work should not be regarded as diametrical opposites, but ideally combined 
in the same person. Anyone who has ever been a working scientist understands this. 
As the great Ivan Petrovitch Pavlov once said, ‘I have done a great deal of menial 
and manual work in the course of my scientific life, and I think it is the manual work 
which has often given me the most pleasure’.® 

Here then is the third point I am making. Wasn’t ita wise course the Chinese took 
when they avoided too sharp a distinction between matter and spirit? And perhaps 
it led to sociological wisdom too, the activity of the whole man in brain work and 
hand work; mind and matter no longer at loggerheads.” 


55 See the interesting interview with Charles Bettelheim of the Ecole Pratique des Hautes Etudes in Paris: in 
Bettelheim (1975), p. 9- 

“6 Cf. Bjerk (1975), p. 17; also WelUish (1975). 

47 Long ago Stuart Chase, in his remarkable book Men and Machines (Chase (1929)) enumerated the many diflerent 
types of contact between them, ranging from the bencficial through the neutral to the dangerous and the lethal. 
Cr Needham (1943), p. 134. Here might be mentioned the extremely valuable ‘Bibliography of the Philosophy of 
Technology’ prepared by Mitcham & Mlackey (1973). 

#8 See the important paper by Denis Goulet: Goulet (1975). 

89 Pavlov (19.4.1), vol. 2, p. 53; quoted in Needham (1943), pp. 156-7. 

2 Of course all this is independent of the political questien, whether in the long run the utmost satisfaction for 
industrial workers can ever be gained under the capitalist system, where thcy do not feel in any sense the owners 
and managers of the enterprise in which they work. 
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(8) CHINA AND THE Ce@-OPERATIVE MENTALITY 


Just now the word ‘co-operation’ was mentioned, and again we have an extremely 
Chinese trait which is surcly going to have a great effect upon the rest of the world. 
Mo ‘Ti spoke about the ‘ant attack’, Ritchie Calder emphasised what could be done 
by ‘a million men with teaspoons’. In one of our volumes we illustrated a wonder- 
ful picture of a vast mass of men co-operating in hydraulic engineering work, the 
opening of a great new canal;”! and I myself during the war and since have often 
marvelled at the way the Chinese could manage the large numbers of pcople needed 
for labour on airfield building, communications and hydraulic works. Here again the 
organic philosophy of China has much to teach the West. The atomic fragmentation 
of the competitive, acquisitive society destroys the personality, Competitive individu- 
alism only leads to alienation — quite unlike the cohesive atmosphere of the Chinese 
extended family, the guild or the secret society, or those who now join together in 
co-operative communities and industrial units.°? There is of course a fundamental 
equalitarianism here, and my fourth thought is that it will be all to the good of the 
world if this racial and rational brotherhood spreads throughout mankind. 

In what I am saying here I am mostly commending Chinese ways of life and 
thought to the rest of the world, but I would be the first to admit that they do not 
yct solve all possible problems. Some acute Japanese friends, particularly Yamada 
Keiji, have pointed to a fundamental ‘amateurism which ran throughout traditional 
Chinese socicty, especially of the literati, and still today the Chinese ideal is to produce 
the ‘all-round’ man, the scientific, industrial, humanistic, aesthetic man, even though 
I might in some ways miss the religious element. But the problem then arises whether 
the Chinese will be able to conquer the ‘commanding heights’ of nuclear technology 
and similar achievements, if professionalism is too much subordinated to the all- 
round ideal. It is too early as yet to say. But of one thing I feel certain, namely that 
China will not produce those types of utterly inhuman scientists and engineers who 
know little, andcare less, about the nceds and desires of the average man and woman. 
The ‘new man’ in China will solve this problem, aided by the infinite resources for 
development that are in the people themselves. 


(9) Lecic ın CHINA AND THE WEST 


Another thing I should like to say something about is the question of logic in China 
andthe West. One of the earliest things I noticed about my Chinese friends, some forty 
years ago, was that so often they would not answer ‘yes’ or ‘no’ to my formulations. 
but something like ‘well, not exactly’. Undoubtedly this was an outward and visible 
sign of a certain subtlety of thought which runs right through the whole of Chinese 


HL SEC, vol. 4, pt. 3, Fig. 876, p. 262. 

9? One must remember that, broadly speaking, the Chinese people had in their history neither a hereditary 
aristecracy nor an cntrepreneurial bourgeoisic, only an intellectual élite often quite widely recruited. I record 
grateful thanks here to conversations with Stefan Dedijer and Ivan Divac. 
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culture. From the point of view of the ‘Science and Civilisation in China’ project it is 
obviously of the highest importance to clucidate what part logic and logical thinking 
played in relation to the development of the sciences in China. 

First, it can be shown that formal logic was more fully and perfectly incorporated 
in the linguistic structure of Chinese than of any Indo-European language. Secondly, 
all the main methods of reasoning and forms of syllogisms can be found in Chinese 
philosophical and medical writings from the —4th century onwards. But thirdly, it is 
clear that no Aristotle, no Panini, arose in China to codify successfully the features of 
formal logic — Kung-Sun Lung 743% # and the Mohists attempted to achieve this, 
but because of the lack of interest of subsequent generations their writings were only 
imperfectly preserved and now have to be rescued from textual corruption.” It may 
have been precisely because of the profoundly logical structure of the language that 
the need for codification was never felt. Fourthly, by the same token, the minds of 
Chinese thinkers were not mesmerised by abstract logic, so that full weight could 
be given to all kinds of nuances rising above the ‘single-vision’ of the ‘either-or 
dichotomy. Fifth, and lastly, comes the question, what relation did all this have to 
the development of science in China? ‘The answer seems to be that it had no effect 
at all, whether in mathematics, astronomy, geology, physiology or medicine. Only 
the breakthrough to modern science did not take place, and it seems in the highest 
degree unlikely that that could have been due to the presence of formal logic in the 
West. For as we all know, the founding fathers of the scientific revolution agreed with 
Francis Bacon’s dictum /ogica est inutilis ad inventionem scientiarum?! 

Speaking as one who was a working scientist for many years himself, I remember 
always feeling how unsatisfactory the ‘A or not-A’ disjunction was. Of course it was 
obviously useful, indeed quite essential, for classification, but always as a preliminary 
sorting to be followed by further sortings. It was thus the basic tool of the taxonomist, 
no cloubt. But for the chemist, the physicist, or the physiologist it seemed radically 
unsatisfactory because in Nature A is always changing into not-A as one looks at it, 
and the difficulty is to catch it on the hop.” In my time at Cambridge, no science 
undergraduate or research student ever dreamt of taking courses in formal logic, 
and over many years of attendance at tea-clul) meetings and lectures by colleagues, 


93 Later en. the Dignaga logic, also intensional, was brought in from India. but it never spread beyond the 


relatively narrow circles of these who occupied themselves with Buddhist philosophy: 

* CL Bacon (1620) in his preface to the “Great Instauration’, quoted in SCC, vol. 2, p. 200. A less well-known, 
but equally downright, statement may be found in Webster (165.4), Examination of Academies. He wrote: ‘It is clear 
that Syllogising, and Logical invention are but a resumption of that which was known before, and that which we 
know not, Legick cannot find out; for Demonstration, and the knowledge of it, is in the Teacher, not in the Learner; 
and therefore it serves not so much to find out Science, as to make ostentation of it being found out; not to invent 
it, but being invented to demonstrate aud shew it to others. A Chymist when he shews me the preparation of the 
sulphur of Antimony, the salt of Tartar, the spirit of Vitriol, ancl the uses of them, he teacheth me that knowledge 
which I was ignorant of belore, the like of which no Legick ever performed . . X. 

1 will only conclude with that remarkable saying of the Lord Bacen: ‘Logick which is abused doth conduce to 
establish and fix errors (which arc founded in vulgar notions) rather than to the inquisition of Verity, so that it ts 
more hurtful than profitable’. 

% Actually the principle of the cxcluded middle is quite compatible philosophically with change, as was shown 
in a brilliant paper by Ajdukiewicz (1948) (unfortunately still not translated into an international language). 
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I hardly remember any occasions when people had to be criticised on account of 
logical fallacies. The premises and the statistical treatments were always much more 
important. 

As for the history of Chinese scientific thought, the avoidance of rigid ‘A or not-A’ 
conceptions can be seen very well in the relations of the Yang and Yin. These two 
great forces in the universe were always thought of in terms of a prototypic wave- 
theory, the Yang reaching its maximum when the Yin was at its minimum, but neither 
force was ever absolutely dominant for more than a moment, for immediately its 
power began to fail and it was slowly but surely replaced by its partner, and so the 
whole thing happened over and over again. This is what Nathan Sivin has called the 
fundamental principle of Chinese natural philosophy, or the ‘First Law of Chinese 
Proto-Physics’.°° And even during those very short moments of time when Yang or 
Yin reach the height of their powers, still they are ‘not exactly’ all Yang or all Yin, 
because by anextraordinary feat of insight the Yangharbours a nucleus of Yin within 
itself, and vice versa; and within the nucleus again there is an element of Yang, and 
so ad infinitum. 

What China has to teach us here is, I think, that we ought to be much less 
rigid in our thinking and more flexible in our argumentation. This would mean 
that we would be more open-minded in many things, both scientific and social. 
We should be more ready to entertain ideas about possibilities hitherto unheard-of, 
alternative technologies, experimental social groupings. In personal life we should 
be less conventional regarding human relationships, and more tolerant of all ways 
of life that do not break the law of love.”” And of course in science we should never 
fear the new and utterly revolutionary. We should ‘test all things’ as the apostle says, 
‘and hold fast to that which is good’,”® 


(10) CHINESE ANB WESTERN ATTITUBES TO NATURE 


The sixth and last major point which I would like to take up in this discussion 
is the question of the different attitudes to Nature held traditionally by China and 
Christendom. ‘This is a sub ject which readily lends itself to vague generalisations, but 
nevertheless I think thatsomething relatively concrete can be said.” Many half-truths 
(or even less) concerning it have been in circulation for a long time. For example, 
F S. C. Northrop wanted to characterise the Chinese approach as basically aesthetic 
in contrast with the scientific approach of Europe.! Or again, Feng Yu-Lan once 
said that the Chinese philosophers had never sought to dominate Nature; it was 
themselves they sought to dominate.'®) If this sort of thing had been the whole story 
it would obviously have been impossible to fill many volumes with the recital of the 


96 He first enunciated this ‘law of inevitable succession’ at the initial International Conference on Taoist Studies 
at Bellagio in 1968. ‘Any maximum state of a variable is inherently unstable, and evokes the rise of its opposite.’ 

97 Tt is noticeable that in Europe pleasure has all too often been thought of simply as the absence of pain, rather 
than a positive thing in its own right, the Yang as opposed to the Yin, and both indispensable parts of living. 

% I Thess. 5:21. 9 Two papers may be recommended: Cranmer-Byng (1972) and Watanabe (1972). 

100 Northrop (1946). L Feng (1922); cf. Needham (196ga), p. 115. 
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achievements of the Chinese in all scientific realms from mathematics to medicine, 
over a period of some years. But there were great differences in the attitude to Nature, 
and here once again there is much for the world of today to learn from the Chinese 
tradition. 

In the first place it is evident to anyone who knows anything about Chinese 
civilisation that it did not have any well-developed theology of a creator deity. Unlike 
the thinkers of other early civilised peoples, the ancient Chinese philosophers did not 
give much credit to creation myths accounting for the origins of the world. There 
were myths of organising and arranging gods, or demi-gods, but they were not taken 
too seriously. Chinese thinkers did not, in the main, believe in a single God directing 
the cosmos, but thought rather in terms of an impersonal force (Then K), meaning 
‘heaven’ or ‘the heavens’ indeed, but here better translated ‘as ‘the cosmic order.’ 
Similarly, the Tao 3 (or Thien K tao) was the ‘order of Nature’. Thus in the old 
Chinese world-view man was not regarded as the lord ofa universe prepared for his 
use and enjoyment by God the Creator. From early times there was the conception 
of a scala naturae in which man was thought of as the highest of the forms of life, 
but nevertheless that did not give to him any authorisation to do exactly what he 
liked with the rest of ‘creation’. The universe did not exist specifically to satisfy man. 
His role in the universe was ‘to assist in the transforming and nourishing process of 
heaven and earth’, and this was why it was so often said that man formed a triad 
with heaven and earth (Thien, ti 4h, jen A). It was not for man to question the way of 
Heaven nor to compete with it, but rather to fall in with it while satisfying his basic 
necessities. It was as if there were three levels each with its own organisation, as in 
the famous statement, ‘Heaven has its seasons, manhis government, and the carth 
its natural wealth’. 

Hence the key word is always harmony; the ancient Chinese sought for order and 
harmony throughout natural phenomena, and took this to be the ideal in all human 
relationships. Early Chinese thinkers were extremely impressed by the recurrences 
and cyclicalmovements which they observed in Nature ~ the four scasons, the phases 
of the moon, the paths of the planets, the return of comets, the cycle of birth, maturity, 
decay and death in all things living. Fun che Tao chih tung R # ih Z $), as the Tao Te 
Ching says, ‘returning is the charactcristic motion of the Tao’.!"? Thien, or Heaven, 
was morc and more seen as an impersonal force generating the patterns of the world 
of Nature; phenomena were thought of as parts of a hierarchy of wholes forming 
a cosmic pattern in which everything acted on everything else, not by mechanical 
impulsions but byco-operationin accord with the spontaneous motivations of its own 
inner nature. Thus forthe Chinese the natural world was not something hostile or evil, 
which had to be perpetually subdued by will-power and brute force, but something 
much more like the greatest ofall living organisms, the governing principles of which 
had to be understood so that life could be lived in harmony with it. Call itan organic 
naturalism if you like; however one describes it, this has been the basic attitude of 


102 Ch. 40; cf. Waley (1934), p- 192. 
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Chinese culture through the ages. Man is central, but he is not the centre for which 
the universe was created. ®? Nevertheless he has a definite function within it, a role 
to fulfil, i.e. the assistance of Nature, action in conjunction with, not in disregard of, 
the spontaneous and interrelated processes of the natural world. 

Ofcourse the ancient Chinese hunted and fished, but by andlarge their civilisation 
was always agricultural rather than pastoral; hence perhaps a more patient, less 
dominating, more feminine attitude to natural resources. ‘he ‘Man of Sung’, who 
pulled up his sprouts in order to make the crop grow faster, was a standard laughing- 
stock for the peasant-farmers of China through two millennia, accustomed as they 
were to a much more patient attitude towards Nature.'* It is true that widespread 
deforestation occurred as the ages went by, but this should be put down to the 
pressures of social conditions, and warnings against it can be found in many texts. 
as in the Meng Tzu book (Mencius),'!°° or in the Huai Nan Tzu protesting against 
the inordinate use of wood for firing metallurgical furnaces. !"® Warnings against 
depletion of natural resources are quite common in Chinese literature; another 
good example would be the action of that governor of Kuang-tung in the Later Han 
period, Meng Chhang & &, who made the pearlers give a rest for a few years to 
the pearl-oysters, and afterwards guard against over-fishing.!°”? Whenever anything 
could be done in accordance with Nature (this was the great wu wet 4£ Æ doctrine 
of the Taoists) it was best to do it that way. For example, ifwater was wanted at 50 ft. 
above the level of a river, it was much better to take it off by a derivate lateral 
canal some miles upstream and follow the contours, rather than laboriously lift it by 
water-raising machinery at the spot. All this was not a ‘passive’ attitude to Nature. 
as some superficial minds have supposed; it was a profoundly right instinct that to 
use Nature it was necessary to go along with her. The Taoists would have applauded 
Francis Bacon’s saying, Natura enim non imperatur nisi parendo (Nature can only be 
commanded by obeying her).'"* Thus to sum it up, there was throughout Chinese 
history a recognition that man is part of an organism far greater than himself, and 
by corollary a great sensitivity to the possible depletion, and pollution, of natural 
resources. 

How different was all this from the feudal or imperialist domination of Nature 
arising from the Hebrew tradition. The People of the Book were neverguided towards 
any restraint in the utilisation of those natural resources which God had provided for 


103 As Chang Tsai 39 said in his /Zsi Ming (e. +1066), “That which fills the universe I regard as my own body 
and that which directs the universe I consider as my own nature’. All the Neo-Confucian philosophers had this 
nalure-mysticism, this one-ning of oneself with the creative life-giving force of Nature, this love intoxication with 
all people and all things. “Ihe man ol jen 42°. wrote Chheng Ming-Tao (d. +1085), ‘forms one body with all things 
without any dilferentiation’. See the paper by Chhen Jung-Chich (1975), p- 107. 

i Mencius, 4], 1. ti, 16. CL SCC, vol. 4. pt. 2, p. 347- 

'° The classical passage on nature conservation occurs at Menci I, u iii, 3. Kung-Sun Chhou 44% took the 
same line, see Tso Chuan, Duke Chao, i6th year, Couvreur (1914). vol. 3. p. 272. 

6 Ch.8.p. 10a; cf SCC, vol. 4. pt. 2, p. 139. 

7 Hou Han Shu, ch. 106, p. 13b; cf. SCC, vol. 4, pt. 3. pp- 670-1. 

108 Bacon (1620), aphorism 129. CE SCG, vol. 2. p. 61. 
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their use.'°° As long as modern science stilllay in the womb of time this lordship may 


have done no great harm, but once science had become airborne, as it were, then 
whole forests could be cut down every day to provide paper for the banal (and often 
vicious) printed matter of the popular press; while noxious chemicals, like organic 
mercury compounds or radioactive poisons, could freely spread about everywhere. 
Lynn White in his remarkable book Machina ex Deo'!” has revealed the responsibility 
of Christendom in inducing men to have an utterly possessive and destructive attitude 
to the rest of Nature,!!! a record only mitigated by the relatively minor voice of St 
Francis.!'? Western man will have to retrace his steps.!!4 

Meanwhile today there is evidence that the Chinese are conscious of the possibili- 
ties of pollution, which after all they have seen in horrifying forms very close at hand 
in Japan; and they are building into their industrial plants all kinds of arrangements 
for avoiding toxic or opprobrious effluents. Clearly this is something much easier 
to do in a socialist economy than when a private firm, or limited liability company, 
is under the constraints of competitive marketing and profit making. Modern sci- 
ence too is validating some of the characteristic Chinese techniques. For example, 
the use of human excreta as fertiliser has been a characteristic feature of Chinese 
agriculture for 2,000 years. It was always a good thing in that it prevented the losses 
of phosphorus, nitrogen and other soil nutrients which happened in the West; but 
it was also a bad thing because it contributed to the spread of disease. But now in 
the light of modern knowledge of composting technique it is quite casy to avoid the 
latter drawback while retaining the former advantage.!!* 

One last thought which emerges from this discussion of attitudes to Nature is that 
the Peoples of the Book, and the West in general, have always been far too given 
to masculine domination. It seems imperative and urgent that the Western world 


109 Tn words of much interest, Marco Pallis has linked this precisely with the anti-idolatry complex spoken of 
already (p. 79 abeve). ‘Tt may be pointed out’, he said, ‘that when Christianity emerged as victor from its protracted 
struggle with paganism, a violent reaction set in against what had come to be regarded, rightly or wrongly, as 
a divinisation of physical phenomena, a certain anti-nature bias was thereby imparted to Christian feeling and 
thinking that has persisted ever since’. And he gocs on to show how the Renaissance gave a vast impetus to human 
interest in all the things of Nature while at the same time setting the stamp of profanation on them. removed 
all hesitations concerning what the medieval theologians called fa pes curiositas, and proceeded to the wholesale 
ravaging of the creation on land, at sea. and in the air. Pallis (1974), pp. 77 Œ 

110 White (1968). ‘Christianity is the most anthropocentric religion the world has ever scen . . . By destroying 
pagan animism, Christianity made it possible to exploit Nature in a moed of indiflerence to the feelings of natural 
objects’ (p. 86). What a contrast to Chinesc feng shui Azk, which went perhaps to the other extreme, forbidding 
mines, roads and industries in the interest of leaving the blessings conferred by Nature undisturbed. 

LUL Sec also Lynn White's celebrated article, White (1967). 

112 Parallet currents in Israel and Islam might he found in Chassidism and Sufism. On the Chassidism of 
Hasidacans see The Oxtord Dictionary of the Christian Church (1974), p. 271. and A Dictionary of Christian Spirituality (1983), 
pp. 226-7. 

113 ‘These criticisms do not hold good of Eastern Orthodox Christianity to anything like the same extent. The 
Greek and Syrian fathers had a much more sacramental appreciation of material things than the up-and-coming 
West. See for example Brock (1974), p. 685, and Waal (197-4), p. 697. Perhaps it was a truc instinct For kecping intact 
the distinctively religious form of experience that led the Greeks to ban mechanical clocks and musical organs from 
their churches. 

' Sec the interesting book of Scott (1952). For current composting methods in China the files of China Reconstructs 
and China Pictorial may be consulted. 
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should learn from the Chinese the infinite value of feminine yieldingness.''!> This is 
the message of the ‘Valley Spirit’ (ku shen 4 #4) of the Tas Te Ching.' © Of course for the 
Chinese the greatest perfection always consisted in the most perfect balance of the 
Yin and Yang, the female and male forces in the universe. These great opposites were 
always seen as relational, not contradictory; complementary, not antagonistic. This 
was far different from the Persian dualism with which the Yin-Yang doctrine has 
often been confused. Indeed, the Yin—Yang balance might be a good pattern for that 
equilibrium between the formis of experience which we need so much, that harmony 
between compassion and knowledge-power. Here again, then, there is something 
vital which the rest of the world has to learn from the Chinese tradition, if it is not 
to be torn to pieces by the interplay of intrinsic warring psychological factors, and 
external aggression against Nature and between men. The ewig Weibliche comes to us 
in Chinese dress, a Margaret-Gretchen, a Hsiian Nii XX, who can be the salvation 
of the world as she was of Faust himself. 

It is high time that I came at last to my general conclusion. What I have been trying 
to urge is that in very many respects Chinese culture, Chinese traditions, Chinese 
ethos and Chinese human beings, those living today as well as those of all the ages, 


have contributions of outstanding importance to make for the future guidance of 


the human world. Nothing that I have been saying denies the ‘Everlasting Gospe? 
of the two great commandments; but it is time that Christians realised that some 
of their highest values may be coming back to them from cultures and peoples far 
outside historical Christendom. The question is: what is humanity going to do with 
the Pandora’s box of science and technology? Once again I should like to say: Ex 
Oriente Lux. 


II$ Even the military classics, like the Sun Tzu Ping Fa, counsel the ‘way of weakness’, and warn against driving an 
enemy to desperation. As the Tao Te Ching says: “Weapons are ill-omened things. Jl beings loathe them eternally. 
He who has the Tao has no concern with them.’ Ch. 31; of. Waley (1934), p- 181. 

116 Ch. 6; cf. Walcy {1934), P- 149. 
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() LITERARY CHINESE AS A LANGUAGE FOR SCIENCE 
KENNETH ROBINSON AND JOSEPH NEEDHAM 


(1) SCIENTIFIC STYLE DISTINGUISHED FROM LITERARY STYLE 


In the course of writing the previous volumes we have become very aware ofthe vast 
store of technical terms in Chinese literature, seme of whose meanings are perhaps 
lost for ever. Some of them may be recovered by patient study of the technical 
contexts in which they occur,! and some of them are still in use, but have kept 
abreast of technical evolution by changing their meanings century by century.” All 
of these must eventually be studied and documented in detail. 

When writing on botany in Section 38 above,’ we referred to the cri de coewrof Emil 
Vasilievitch Bretschneider (1833-1901) who, like other carly sinological botanists, 
sometimes expressed a poor opinion of Chinese botanical literature. He complained 
of the seeming lack of punctuation, and the alleged ambiguity of classical Chinese. 
He was exasperated by the lack of all indexes (except the contents tables) and indexed 
bibliographies. He lost himselfin the confusions of place name changes in different 
dynasties, as well as the mazc of obscure names of ancient foreign countries. 

Bretschneider’s plight may be compared to that of such scholars as Robert Gros- 
seteste in the 13th century, labouring to make Latin translations of ancient Greek 
works, long unknown in Western Europe, through the medium of Arabic. Closer and 
more cordial contacts with the best scholars of the Islamic world would have been as 
helpful to the dons of the Merton School at Oxford as would cordial contacts with 
the leading scholars of China have been to the good doctor in the 19th century. 

Only onc year before the appearance of the first volume of Bretschneider’s Botanicon 
Simicum in 1882, Georg von der Gabelentz had published his Chinestsche Grammatik. 
Bretschneider’s second volume came out the year after the publication of Gabelentz’ 
second great work, Die Sprachwissenschaft (1891). Both of these authors, writing at 
the same time, gave a great forward thrust to Western understanding of Chinese 
scientific literature.’ In Europe the corpus of Greek and Latin authors surviv- 
ing the fires, floods and neglect of centuries, required some five hundred years of 
work by scholars before it had been reduced to reasonably critical editions of the 


! For example, Keightley (1978), p- 7.4, has shown how the ambiguous Yin hone graph (K 362), thien E (held), 
which can mean ‘taking to the held’ either for hunting or for agriculural work, can lose all its ambiguity once it 
is known whether the area in question was or was not a hunting area. The precise meaning can sometimes be 
established by building up a detailed context from many references. Li Hsiieh-Chhin (Li Xueqin) (1985), p. 4.22, 
also shows how excavation has made it possible to be certain of the meaning of such terms as mang-tung F {@, which 
ull recently had been known only as something used in connection with dead people, but which is now known to 
be a wooden figurine placed in graves. 

? ‘Tracing the stylisation of a written symbol through ten or twelve centuries is one thing, and determining its 
changing sense from epoch te epoch is another.’ Britton (1936), p. 206. 

3 SCC, vol. 6, pt. 1, pp. 21. 

+ For an appreciation of the contribution of Gabelentz, see Harbsmceicr (1981), p. 6. 
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various texts. Chinese literature suffered no less from the burnings of libraries and p 
other forms of destruction than that of the classical West, and many ycars will be d 
required before a comparable state of textual criticism is attained. But the corpus p 
of classical Chinese texts (those to be dated not later than —200), is relatively small, =- 
increasing the difficulty of establishing by comparative methods doubtful points and 3 
the long lost meanings of technical terms. E 
Changes in technology sometimes lead to false interpretations of earlier texts. As 
was said above,’ a term may continue though the thing changes: T 
Thung 4f] meant copper before it meant bronze. . . . Mistakes which have been made in the k 
past about technical terms in Chinese texts have generally been clue to the fact that scholars 
had neither the desire nor the time nor the necessary knowledge of the natural sciences te 
pin down the terms in this way. ` 
A tantalising instance of the way changes in technology may have affected social z 
life is afforded by the section in the Li Chi concerning the sort of decorum that was E 
expected of people who ride in carriages: left hand well advanced with the reins in a 
it, and — ifthe driver had a lady next to him — right hand well behind the back. This h 
passage then goes on to say: ‘the ruler of a state should not ride in a one-wheeled H 
carriage!’ Legge, translating, clearly thought it was an admonition against riding in i 
wheelbarrows, for in a note he said, ‘Common so long ago as now, but considered n 
as beneath a ruler’s dignity’. If the term cAhi-chhe # Æ really meant wheelbarrow so s 
early (c. -50), it must indicate that rulers of states were thought to have been tempted A 
even then to use this novel conveyance, but the compound literally means ‘strange d 
or rare vehicle’, and perhaps in the —1st century or earlier the warning was only not 2 


to ride in carriages which were outlandishly decorated. But when the wheelbarrow 
was in fact invented, not later than the +3rd century, the term rare or strange vehicle 
would have been appropriate enough. For the present we must leave this enigma ‘in 
the remoteness of time’.’ Examples ofa term continuing, though the thing changes. 
occur in all languages. 

In scientific writing more than any other it is the context which gives precision to 
the term. ‘This has been well brought out by Karl Popper: 


Science does not use definitions in order to determine the meaning ef its terms, but only 
in order to introduce handy shorthand labels. And it docs not depend on definitions: all 
definitions can be omitted without loss to the information imparted. It follows from this that 
in science, all terms that are really needed must be undefined terms. . .. In science, we take 
care that the statements we make should never depend upon the meaning of our terms. Even 
where our terms are defined, we never try to derive any information from the definition, 
or to base any argument upon it . . . we reach precision [with terms] not by reducing their 


5 SCG, vol. 3, p. xlii. An outstanding case of retention of characters alter the meaning has changed is Auo chew 
Ki, the incendiary arrow which later was used to mean rockets. See SCC, vol. 5, pt. 7, pp. 11-12. 

? Li Chi. ‘Chhiit L? h4¥ 1, 1 (5), 43; w. Legge (1885), vol. 1, p. 97. 

? For data concerning the evolution ofthe wheelbarrow, sce SCC, vol. 4, pt. 2. pp. 258 {0 Sce also Oracle Bones. 
Stars and Wheelbarnws by Frank Ross fr. (1982). 
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penumbra of vagueness, but rather by keeping well within it... . The precision ofa language 
depends just upon the fact that it takes care not to burden its terms with the task of being 
precise.* A term like ‘sand-dune’ or ‘wind’ is certainly very vague. (How many inches high 
musta little sand-hill be in order to be called a sancl-dune? How quickly must the air move in 
order to be called a wind?). . .. We always take care to consider the range within which there 
may be an error; and precision does not consist in trying to reduce this range to nothing, or 
in pretending that there is no such range, but rather in its explicit recognition.® 


‘To take a precise example, “Newton’s vagueness as to what he was referring to by the 
word “force” did not prevent his formulating the laws of motion, nor did it hinder 
his discovery of the law of gravitation’. !° 

An aphorism usually attributed to St Thomas Aquinas serves to show that Literary 
Chinese, if it is ambiguous, has no monopoly in such statements. The aphorism is: 
‘Timeo hominem unius libri’, ‘I fear the man of one book’.!! We realise that the 
genitive case in Latin of umus and libri is going to tell us no more than of does in 
English as to what this sentence means. It could mean that this man has only read 
one book, has only written one book, does not possess more than one book, or puts 
his faith in one book only. ‘The fear that is felt may be on behalf of the man himself: 
Having read so little he is quite at the mercy of his one book! Or it may be that he 
is to be feared in debate. A man who has read only one book, but has thoroughly 
mastered it, is a formidable adversary. On the other hand, if he is the author of a 
single book, he may be unwelcome in conversation because of his limited interests. 
Alternatively he may be a specialist, and though one book is enough to contain all 
the points he wishes to make, yet his high specialisation makes him a dangerous 
adversary. 

Chinese and English are not alone in having words with wide ranges of meaning; 
it occurs no less in classical Greek, which has words with whole panoramas of differ- 
ent meanings. For example, 7os means smells, odours, ‘virtues’, magnetic attraction, 
pharmacological active property, rusts, oxides, violet or purple colour, and certain 
refining processes. '? 

Editors were, and even today usually are more interested in literature than in 
technology. It is apparent that ifsuch editors were presented with technical material, 
they would readily succumb to the temptation to suppress tiresome technical cletails. 
The editors of China’s dynastic histories, for example, were writing for non-specialists 
in astronomy. As a result, ‘it is clear that many of the astronomical records are mere 


? This principle was understood by Theophrastus, in spite of the Aristotelian theories to which he subscribed, 
when he wrote: ‘For these reasons then, as we are saying, one must not make a too precise definition; we should 
make our definitions typical’. Enguiry into Plants, 1 iii. 3; tr. Hort (1916). vol. 1, p. 27. 

® Popper (1945), vol. 2, pp. 17-18. 

l0 Stebbing (i942). p- 20, referring to Newton's @ptids IV, p. 261. 

U A similar aphorism is found in Chinese: phien shut khan chik lao — 8 & % BZ. ‘to spend one’s whole life reading 
a single book’. ‘Though no less open to wide interpretation, its meaning has been limited by custom to narrowness 
of experience. 

2 See SCC, vol. 5, pt. 4, p. 483, and fer dosis, the purpling process in metallurgy, SCC, vol. 5, pt. 2, pp. 23, 
253 ÍF., and many other references throughout vol. 5. 
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summaries of the original observations with considerable loss of detail’.! When 
confronted byapparentambiguity in Chinese it is necessary to examine very carefully 
the logical framework which forms the context, and ifthe text is not corrupt, to decide 
whether an item of information has been left out which should logically have been 
included, because, at the time of writing, the information would not cohere without 
it,'* or whether it was deliberately omitted in order to extend the range of options 
in interpretation, and so to enhance the suasive appcal of the writing. 

To give an example of an exalted type of suasive literature in classical Chinese, 
we need only refer to the passage from the Filial Piety Classic (Hsiao Ching) where 
it is explained how a filial son should behave towards his parents. The key words 
are bright with potential multi-faceted meanings, some of which are picked up and 
enhanced by others, while some, inappropriate to the context, remain unillumined. 
In its total effect it resembles a sparkling chandelier. The passage reads as follows: 


The Master said, “The service which a filial son does to his parents is as follows: In his 
general conduct to them, he manifests the utmost reverence; in his nourishing of them, his 
endeavour is to give them the utmost pleasure; when they arc ill, he feels the greatest anxiety; 
in mourning for them (dead), he exhibits every demonstration of grief; in sacrificing to them, 
he displays the utmost solemnity. When a son is complete in these five things (he may be 


pronounced) able to serve his parents.’ '? 


It is not necessary to analyse this in full, but we may make a beginning to show the 
interplay of meanings. 

The first line of the admonition which begins, ‘In his general conduct to them, he 
manifests the utmost reverence’, reads: chii tse chih chhi ching JE A| 3k H He. The first 
word, cha, means a settlement, a dwelling or residence, to reside, to be at home, to be seated: 
and then, developed from the idea of sitting: repose, to be comfortable, tranquil, satisfied. 
From this first word one gets a delightful impression of a Chinese family house, when 
everyonc is still and relaxed, andeven the dogs don’t bark— the sort of sleepy hour on 
a hot afternoon when a son might very well lie down and take his ease. Butit is exactly 
at times such as this that the truly filial son is alert and vigilant towards his parents. 


The remaining words sound a warning of the high standards expected of the truly 
filial son. What is required of him in a normally relaxed situation is indicated by 
the fifth word, ching, which means quite a spectrum of feelings from reverence to 
carefulness. 


13 See Clark & Stephenson (1977), p. 23, ‘We have here an example of the gross disparity between the technically 
accurate statementloundin the ih: (treatise on astronomy) and the vague notices in the pen chi Æ 4g (Basic Annals)’. 
l+ Wang Chhung £F puts this succinctly: ‘What can reasonably be assumed is not stated’. He then goes on to 
give an cxample, translated as follows: ‘Ifa certain type of Chinese deer is hornless and brown, one may use this 
as a standard of reference in describing a unicorn. A writer, therefore, who says that a unicorn is like a deer but 
has a horn, may be assumed to mean that it is like a deer in other ways, but differs from it in that it has a horn. 
Onc is justified, therefore, in assuming that a unicorn bas the same colour as a deer, for if it were black or white, 
which the deer in question isn’t, this would have becn stated’ (Lun Heng an, tr. Forke (197), vol. 1, p. 378). 
" Tr, Legge (1879), p. 480. The Hsiao Ching, Chapter X. 
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The reader who wishes to get the total effect ofthis five-word line is now confronted 
by the same sort of problem as faces the reader of James Joyce’s Finnegans Wake. In 
reading slowly to himself, he can hold each word in his mind, not like a butterfly on a 
pin, but like cut diamonds flashing as the light of his attention moves along. But how 
to write out a translation in normal prose? James Joyce tackled this problem with 
C. K. Ogden in the summer of 1929 by translating a part of ‘Anna Livia Plurabelle’ 
into a tenor line in Basic English, counterpointed by the parallel line of the original, 
from which secondary meanings were brought out as footnotes clustering at strategic 
points, giving the effect of complex chords in music. ® 

Legge’s translation of the passage from the Filial Piety Classic gives only the tenor 
line. The ambiguities implicit in the original are part of the counterpoint. In the 
second line of the admonition, for example, one does not have to choose, as Legge 
does, between whether the service of a filial son causes pleasure to himself or to his 
parents. The pleasure is mutual. Ifhe is truly filial, the service of his parents will give 
him the greatest joy, and naturally it will give pleasure also to his parents, and the 
greater his pleasure, the greater theirs will be. It is true, therefore, as Legge points 
out that the fourth word in the line, the pronoun chfz, ‘his’ or ‘theirs’, is ambiguous, 
but it is a dynamic ambiguity. 

Whether or not Literary Chinese uses extra words to make a meaning clear beyond 
a doubt depends on the writer’s aim. If his aim is suasive, it may be more telling to 
leave the options open. As Graham says of late Thang poetry, it ‘can be damaged 
severely by the irrelevant precisions imposed by Indo-European person, number and 
tense’.'’ But a passage closely parallel to this from the Hsiao Ching is one from the 
Li Chi which shows how precise a Chinese author could be when a matter of real 
moment was at stake.'® This passage is concerned with what is meant by ‘nourishing 
the aged’, yang lao #4. The author explains that the filial son should make his 
parents’ hearts glad, not go against their wishes, gladden their eyes and ears, make 
them comfortable in their sleeping places, and supply them with drink and food, 
thus loyally ‘nourishing’ them. ‘Such is the filial son to life’s end’, Astao tzu chih shen 
chung # F 2 3 84. But does ‘life’s end’ mean ‘to the end of the parents’ lives’, or ‘to 


1è For example: 


Joyce's composite text: There’s the Belle for Sexaloitez! And Concepta de Send-us-pray! Pang! 
Tenor line from text. There's the bell for Sachselaute — And Concepta de Spiritu. Ding-dong. 
Undertones of text: Vhere’s the lovely girl for sexual loitering — and conception, let's pray that not! Birth-pang! 


„Joyce's notes on text: 


Sachseléute: Swiss festival. An answer to the Latin of the Angclus. Overtones of romantic encounters. But the bell 
summons to church. Puns on Saxons as angels. 

Conce pta de Spiritu. Part of the Ave Maria. 

Send us: Sanctus. 

Pang. The sound of the bell tolling; the sound of clothes hitting the rock as the washerwoman who is speaking 
docs her work. The suggestion of birth pains beginning for the ‘belle’. 


Some of the dilliculties of interpretation and the eluciclations arrived at in this co-operative venture with James 
Joyce are recorded in Psyche, nos. 41 and 46. We record our thanks for this quotation to the Orthological Institute. 
London. 


” Graham (1965), p. 22. HI Li Ohi, ch. 12, w. Legge (1885), vol. 1, p. 467. 
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the end of the life of the filial son’? For orthodox Confucianism this was not a matter 
which could be left open. The idea that a son need be filial only until his parents 
died was quite unacceptable. Here was a case within the suasive literature where the 
author felt precision was called for. He dealt with it in the following words: ‘As for 
“until the end of life”, that does not mean the end of life for the father and mother, 
but the end of his own life’, ‘ “chung shen yeh che, fei chung fu mu chih shen, chung chhi shen 
Jel” gk ARM RAS A> RE SF th. 

Yet the contrapuntal method of writing was no stranger to the West even before 
James Joyce. One need only take a line from one of Shakespeare’s sonnets!” to see it 
in action: 


Bare ruin’d choirs where late the swect birds sang. 


The words bare, ruined, choirs, sweet, birds and sang can all be read with at least double 
meanings, and /ate can be interpreted in four different senses simultaneously, giving 
a multiplicity of interpretations, such as: 


Chancels stripped of their adornment and falling into ruin, where late in the evening the 
birds we love so well were singing. 


or: 


‘The ghost of choristers, whose monasteries were ruined at the time of Reformation, wearing 
thread-barc rags, now sing where not so long ago they sang like sweet-voiced birds. 


as well as the more obvious interpretation from the context of the sonnet as a whole: 


Branches of trees now stripped of leaves form wind-swept choir-stalls / or — make lamentable 
music, / where only recently (in the warmer months) birds used to perch and sing so 
sweetly, 


It is fitting to end this foray into multi-mcaning as illustrated by Shakespeare’s 
evocative line with an acknowledgement to William Empson who, by drawing at- 
tention to at least seven types of ambiguity, furthered the cause both of poetry and 
of clear thinking?” We may now turn from the language of reflection to that of 
participation. 

It will be as well to spell out at the start of our discussions what exactly is required 
of a scientific language, and to make some estimate of the extent to which Literary 
Chinese met these requirements. Ifthe language of science is to be efficient, the user’s 
memory should not be burdened by terms which are over-long, hard to pronounce. 
differentiated from other terms in small ways which can easily be missed in rapid 
reading or speaking, or so far removed from ordinary speech as to be quite alien to the 
common reader. The language must be ‘stripped ofall grammatical superfluities and 


O Sonnet LXXIII. Vora fuller appreciation of this line, see Empson (1961), pp. 2-3. % Empson (1961). 
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psychological hindrances’.”! In considering language as a tool for science, Stanley 
Gerr makes the point that it must satisfy the basic engineering requirement of all 
‘tools’: efficient and economical operation. ‘An efficient language, in the strictly 
technical sense of the word, would be one in which there was a small consumption 
of “linguistic energy”. . . . It must not only convey the writer’s meaning accurately 
and fully, but it must do this with a minimum expenditure of mental and physical 
energy on the part of both author and reader’. [t must not dissipate ‘energy, time, and 
attention on unnecessary consideration of the linguistic or symbolic forms in which 
the ideas are presented’. In particular ‘a definite object or universe of discourse 
must be postulated before they [descriptive ideas] can assume concrete, specific 
significance.” 

The advantages for concise scientific writing of a language undistracted by in- 
flections become clear when one observes the shifts that English, which still retains 
inflectional vestiges, compels an author to adopt, as when we read: “This indicates 
that some other factor/s is participating in the eventual closure of the adrenalec- 
tomised rat’.23 Though unpleasant to ear and eye, this is less clumsy than saying: 
‘Some other factor is, or factors are, participating’. Whether it is essential in such 
a context to indicate the possibility of there being more than one other factor in 
question is doubtful. But it is quite certain that the verb be does not need threc ad- 
ditional changes of form — zs, am, are. Yet English has gone further than any other 


of the languages of Europe in approaching the Chinese model by divesting itself of 


unnecessary morphological distractions, a fact which has perhaps been not unrelated 
to its becoming the most used language of world science. 

Provided, therefore, that when necessary a language can, amongst other things, 
distinguish between one and more than one; group items in sets, series and hier- 
archies; isolate one item from a group by reason of a distinguishing characteristic; 
indicate the results of comparison and suggest hypothetical alternatives, there is ar- 
guably a great advantage for a scientific language if it is not compelled to adopt 
unnecessary distinctions. Sometimes it is so important to be able to avoid making 
distinctions that a collective term has to be invented or resurrected to fill this role. 
For example, until about 1897, English authors were compelled to write of ‘brothers 
and sisters and half-brothers and half-sisters’ with time-consuming specificity, or else 
to be content with an inexact general term such as ‘relation’; this was no longer 


| Gerr (1944), pp. 2-3. The astonishing economy of Literary Chinese as developed by the Mohists is demon- 
strated in a sentence of nine characters translated by Graham (1978). pp. 142 and 350. It illustrates how, by 
the specialised use of particles, one implication can be put inside another: ‘Tzhwjan shih pi jan tse chii wei më 
LER RoW 9X Bi F258 This sentence refers to the Père David's deer, the mi-lu R È or mi deer, which was believed 
to have four cyes, and was used as a stock example by Mohist logicians. The translation reads: ‘Ifwhat is so of the 
instance here were necessarily so of'a thing that it is, all would be nilu deer’. 

* Gerr (1944), p. 6. 

233 V. G. Daniels, ‘Research Report on the ‘lermination of Macromolecular Uptake by the Neonatal Intestine 
after Lactation in the Rar (Unpub. 1972). Further examples of the difficulties caused to authors ey the continuing 
inflections of English are afforded by Alfred Bloom (19814). when he writes of children in general: ‘The English 
child . . . she...’ (p. 20), or ‘If John had come in earlicr they would have (but didn’t) arrive . . . en time’ (p. 19). 
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necessary once the Old English term ‘sibling’ had been reintroduced with a new and 
precise meaning to cover the four specifics. 

The language of science should, in the words of Thomas Sprat, aim at a ‘math- 
ematical plainness’.2* It should be clear, simple, accurate and, if possible, unam- 
biguous, though an unambiguous statement is not necessarily clear or simple. If, for 
reasons of style or concision, a statement has to be ambiguous, the ambiguity should 
subsequently be explicated.”> A term used in a specialised technical sense is not to 
be considered ambiguous if that special sense is clear to the intended reader, and if 
it is used consistently in that sense. For example, the terrm ‘gynaeceum’ will not be 
ambiguous to the botanist, even though it means ‘the women’s apartment to the 
Greek historian. 

It may well be that authors will be handicapped if a necessary technical term is 
missing from their vocabulary. For example, it is difficult to talk about the laws of 
gravity if there is no word for gravity in the language; but the point may be made 
that as soon as a concept has become clear, and the need for a term is felt, it will 
not be long before a new term is invented or borrowed. Like pre-Newtonian writers 
in the West, the Chinese did not have a term for gravity. Things were heavy, and 
by metaphor, serious. The word chung Æ in Chinese carries both these meanings, as 
does gravis and gravitas m Latin. But as soon as Newton made it clear that we are 
dealing with a force, English was able to isolate the Latin word ‘gravity’, which tll 
then had mainly been used in figurative senses, and to distinguish it from the general 
words to do with weight and heaviness, reserving gravity or more often gravitation 
for the new idea of this force. Similarly all that Chinese needed to do in order to cope 
with the new concept in the igth century was to form a new compound, namely 
chung-i & J, ‘weight-force’, the term which is still in use today. In this Chinese term 
the idea of force is always explicit. In English it is sometimes implied, as when one 
talks about the Law of Gravity, meaning the Law of Gravitational Force. 

Another danger in the use of a highly developed language, especially when one 
is addressing a well-educated reading public, is excessive abbreviation and over- 
compression. This is most likely to occur when the author is seeking stylistic effects 
rather than conveying information. In the preceding volumes examples have been 
given of Chinese authors who cultivated a ‘mathematical plainness’. Wang Chhung 
comes readily to mind, and the agricultural admonitions of the Chhi Min Yao Shu.*° 


24 The founders of the Royal Society of London ‘have therefore been more rigerous in putting in Execution 
the only Remedy, that can be found for this Extravagance; and that has been a constant Resolution, to reject all 
the Amplifications, Digressions, and Swellings of Style; to return back to the primitive Purity and Shortness, when 
Men delivered so many Things, afmost in an equal Number of Words. ‘They have exacted from all their Members, 
a close, naked, natural way of Speaking: positive Expressions, clear Senses; a native Easiness; bringing all Things 
as near the mathematical Plainness as they can; . . ” Sprat (1722), p. 13- 

25 Asis done in the Li Chi where ‘life’s end’ has to be explicated to make it clear whose life is intended. See 
above, p. 100. 

26 Although so much Literary Chinese even on technical subjects is elegant, there are exceptions. As Graham 
(1978), p. 135, points out: ‘From the point of view of style elegance means nothing to the Mohist, syntactic clarity 
means everything’; and in illustration of the jarring repetition of the word yw in two different senses, he quotes the 
line: ‘yu yu yü Chhin ma, yu yu yii ma yek AA RAE A A iE, “Vo have some Ch'in horses is te have some horses’. 
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Then there were the early Mohists with their ‘notoriously graceless style . . . hu- 
mourless, ponderous, repetitious’, giving the impression of ‘the solemn self-educated 
man who writes with difficulty and only for practical purposes . . .’, but whose style, 
in the later Mohist writings, is no longer clumsy; ‘on the contrary it is neat and 
functional, but it is equally remote from literary concerns’.2’ Chinese authors had at 
their command a magnificent instrument for the communication of precise scientific 
ideas, for their synthesis at different levels from general to particular,”® or for suasion 
towards the moral ends of life. How it was used depended inevitably on the aims 
and abilities of the author, and how we understand the works of the past depends in 
large measure on our understanding of those aims, as well as on the condition of the 
surviving texts. Defects of style must be distinguished from radical defects such as 
ambiguous attribution within the sentence, which mislead the enquirer after facts. 
Every great age of literature towards its end develops bad stylistic habits. There are, 
however, few examples in Chinese literature of English-type gobbledygook, such as 
‘The functioning quality of this exit is now deleted’, meaning ‘No exit!?? 

A scientific style which is not only precise but also elegant is not easily achieved, 
and is unlikely to appear early in a civilisation’s maturing. One reason for this is that 
at the outset there is no clear differentiation between science, religion and magic. 
The suasive use of words, highly appropriate to magic, is mingled with the language 
of participation in the proto-sciences. Examples of such writing would be the opening 
verses of the Book of Genesis, or the description of the formation of a human being 
by the ‘condensation’ of chhi &, already quoted above,” which reads as follows: 


(When the) chi of the elements (is) settled, condensation (i.e. corporeality) (is brought about); 
this condensation (acquires) a spirit; (after it has acquired) a spirit it comes down (i.e. is 
born); (after it has) come down it (becomes) fixed (i.e. complete in all its parts); (after it 
has) become fixed (it acquires) strength; with strength (comes) intelligence; with intelligence 
(comes) growth; growth (leads to) full stature; and with full stature (it becomes truly) a Man. 

(Thus) Heaven supported him [rom above, Earth supported him from below; he who 
follows (the Tao of Heaven and Earth) shall live: he who violates (the Tao of Heaven and 
Earth) shall die. 


Poetry also plays its part. Science, semi-scientific anecdotes, biographical traditions 
and mnemonic verses — all were grist for the poetic mill. In the early centuries when 
books were a rarity, putting important information into verse was a wise precaution 
if it was not to be lost and forgotten. Even Confucius, whose interest in science was 
not remarkable, nevertheless apparently felt that learning by heart the songs of the 
Shih Ching gave the learner the additional advantage of widening his acquaintance 
with the names of birds, beasts, plants and trees.*! 


27 Shih Sheng-Han (1958), pp. 26-7. 28 Graham (1978), pp. 7-8. 

29 For example, ‘military might’ can be expressed in Chinese at three different levels, wuli # 2 (military power), 
chiin-li ZA (army power), and ping-i & A (soldier power). 

30 Quoted by the BBC on Radio 4 on 29 September 1982. The Chinese equivalent of this vice is perhaps 
excessive and not always very rclevant quotation. 

3U See SCC, vel. 2, p. 242, for this account of the inscription on a —4th-century sword handle. 
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In both China and the West belief in the mnemonic and educative values of verse 
died hard. The Chhien Tzu Wen FZI , the +6th-century ‘Thousand Character 
Classic’, for example, summarised the main fields of knowledge with which a young 
scholar might be expected to become familiar, in verses which could be easily mem- 
orised, while as late as 1789-91 Erasmus Darwin wrote The Botanic Garden in two 
volumes of Augustan couplets, because he hoped ‘to enlist the Imagination under 
the banner of science’, and felt that verse was ‘better suited to entertain and charm’. ?? 
Volume I, sub-titled “The Economy of Vegetation’, in fact covered the whole field of 
natural philosophy. His verse was, however, supplemented by extensive footnotes.” 

In this he may be compared with Tai Khai-Chih & 3, 2 writing in the +5th 
century, who, in his Chu Phu r$, provides accurate descriptions of plants, originally 
distinguishing no fewer than seventy different kinds of bamboo. The treatise itself 
was written in the form of four-character rhymed verse, but after every few lines he 
added a brief prose commentary. This change or alteration in style perhaps indicates 
anearlyawareness that the style ofsuasivewritingneeds to be differentiated from that 
of scientific writing.** He began boldly by pointing out the difficulties of ancient clas- 
sification which divided all plants into trees (mu ZX) and herbaceous plants (tshao $), 
to neither of which categories could he allocate bamboo. He seems, like Erasmus 
Darwin, to have been radical by nature, for he attributed to scholars who do not dare 
to rectify erroneous ideas expressed in ancient writings an undue deference to antiq- 
uity; comparing their superstitious reverence with the dread felt by the Huns for the 
Chinese commander Chih Tu 2848 who had opposed them five centuries before. 

We have now given some idea of the main desiderata of scientific writing. Stanley 
Gerr expressed his views on the subject as follows: 
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The language of science is necessarily characterised by two main features: rational syntax 
and a ‘functional’ vocabulary. The first of these was understood to imply the use of a simple. 
logically unequivocal sentence structure in which syntactic elaboration had been reduced to 
the minimum required for efficient and convenient exposition; the second was the extensive 
use of ‘functional’ or ‘operational’ terms. 

‘Functional’ or ‘operational’ terms were explained as representing the coalescence of 
‘nominal’ (i.e. structural or descriptive) and ‘verbal’ (functional, operational, dynamic) sig- 
nificance in a single basic symbol or expression, as in — a saw ‘saws’, a pump ‘pumps’, or say 
f f(x, in which the symbol of integration f might be interpreted in a ‘nominal’ sense — the 
‘integral’ of some {{x)dx — or as a sort of verbal ‘imperative’ — integrate f{{x)dx — depending 
on the context.* 

32 Lun Ti, XVUL, 9. 

33 Today scientific verse is almest entirely humorous, as in a verse of J. B. S. Haldane which | recall: 


I cannot synthesise a bun by simply sitting in the sun. I do net answer — yes, yes, yes, when I am offered meals of 
S. But readers, rhizo-stomes and rats are fairly good at making fats. So let us firmly stick to this, our most efficient 
synthesis. 


31 The Botanic Garden was published in two parts. Part I containing ‘The Economy of Vegetation’, published in 
1791. and Part I] containing “lhe Leves of the Plants’, which was published belore it, in 1789. 

3° The Chu Phu (Treatise en Bamboes) has been described in some detail above, vol. 6, pt. t pp. 378-86. As an 
example ef his verse plus prese comment technique we may quote stanza 5. 



























me 


Ge å oe G O oe 4 





50 GENERAL CONCLUSIONS AND REFLECTIONS 105 


Considering the extent of Chinese scientific literature and the high level attained in 
many of the late medieval Chinese sciences and technologies, it would be surprising 
if Literary Chinese had failed to respond to the challenges of developing science. 
‘This must now be explored in greater detail. 


(2) CeMPARIS@N, SCALES AND MEASUREMENT 


Most languages have the capacity to express comparisons between two or three 
elements in a series, and Chinese is no exception. In inflected languages it is usual to 
compare items by placing them in serial order, good — better — best, in English, for 
example, or in Latin, bonus — melior — optimus, and it is a simple matter to have suffixes 
or changes of stem to indicate comparative and superlative forms of adjectives and 
adverbs. In Chinese it does not make sense to speak of suffixes or stems, but such 
serial gradations arc still possible by adding words before the adjective or adverb in 
question. But the genius of the Chinese and English languages is so different that one 
should not look for equivalents. Much is decided by the context. In an appropriate 
context one may use the word hen 4R, ‘very’, and may say that a thing is ‘hen hao’ 
{R #7, meaning not that itis very good, but that it is acceptable and may be described 
as ‘good’. Ha by itself may be used to mean ‘better’ ifa comparison is expressed or 
implied. In English we might say, “lhis is a good one’, implying that any others are 
inferior, though to make quite sure it would be more usual in English to say ‘this one 
is the better’, or ‘this is the best’. In Chinese an adjective may be used by itself and 
may seem to be comparison free, as when a person on meeting says ‘ni hao pu hao’ 
Un tf ARF, “Are you well?’ — to which the reply might be ‘hao-a’ 4 #4, Tm fine’. 
But there might yet be an implied comparison if the reply was ‘wo hao-le’ # $F J, 
‘I’m fine now’, or ‘I’ve recovered’. ‘he example given is from modern Chinese, but 
similar examples can also be cited from ancient Chinese to prove that it too has 
the capacity to express comparisons. Harbsmeier does just that in his discussion of 
‘relative quantifiers and comparison of degree’.*° 

Clearly the capacity to think in relative terms is necessary for scientific investiga- 
tion, for such investigation may require the recording and analysis of scientific data. 
This often involves serial evaluation and grading. ‘Thus we may perhaps think of 
comparison as a proto-scientific capacity of language. 

For scientific investigation it is usually necessary to classify data into more than 
three categories. Even in non-scientific activities, when answers are required to ques- 
tionnaires expressing choice, preference or a value judgement, as in the routine ac- 
tivity of grading a student or an employee, it is usually more useful to do so on a scale 


+ r , haw 4 
I'he shoots are called sun % and the sheaths tho ##. In summer they arc numereus and in spring few. When the 
roots and culms are about to rot. blossoms and seeds fiz fy then appear. When the bamboos produce flowers and 
seeds, in thar year they decay and die. The character for the seeds is pronounced fu. 


This mixed verse and prose form has a long history in China and India. Sce above, vol. 6, pt. 1, p. 379, and Waley 
(1998), p. 159. 
% Harbsmeier (1981), pp. 100-15. 
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of five rather than three, poor — fair — good — very good — excellent, for example. 
The scale of three is the crudest, and the scale of five perhaps the easiest to operate 
while yet showing some sensitivity in discrimination since it permits two extremes, 
a middle point and two intermediates. A scale of seven permits two intermediates 
between the centre and each extreme, and a scale of nine permits the placing of 
one intermediate between each step in the five-point scale. It is obvious that higher 
powers of discrimination on the part of the investigator are required as the number 
of points on the scale increases.*” It is not surprising that the Chinese, with their 
great penchant towards the pragmatic, showed a highly developed capacity for the 
classification of complex phenomena early in their history. 

‘Lo extend this principle further, however, soon results in there being too many 
items within a group or category for them to be placed in serial order by comparison 
of adjectives, and yet one may wish to draw attention to a particular member of the 
group. In a family or a small military force, individuals can be called out by name. 
If their names are not known, they can be allotted numbers. An office can then 
summon a particular man from a rank of soldiers by calling out his number. This 
procedure can be extended by not only numbering but also measuring. For example 
a sct of regular pentagons all have the same shape but may vary greatly in area. 
If their areas are measured they can be scrialised by area. Anything which can be 
measured can be serialised by grading — towns on a map by their latitudes, crops in 
the Andes by their altitudes, the ripeness of apples by their colour, and so on. 

Grading items on a scale from one extreme to another as a means of serialised 
classification carne into use in China at an early date. One can see the simplest rating 
on a three-point scale (high — middle — low, shang b, chung #, hsia F) developed into 
a nine-point scale, possibly by the beginning and certainly by the middle of the —1st 
millennium.*® This was done by making nine binomes: high-high, middle-high, 
and low-high, high—middle, etc. 

We have in a previous volume drawn attention to the revenue list of the nine an- 
cient provinces preserved in the Shu Ching $% (Historical Classic).°? The provinces 
arelisted in the ‘lö Aung A chapter in geographical order (see Fig. 13), proceeding 
round China as it was in those days in a clockwise direction, from Chi-chou # JW 
where the old Shang capital city of Po & was, to Yen-chou Æ Jy, which in modern 
terms would be in East Hopei and North-West Shantung, then to Chhing-chou # JH 


37 For sophistication this could not quite compare with the traditional examination marking system of Oxford 
and Cambridge universities, which had permutations of alpha, beta and gamma, with plus. double plus. minus 
and double minus, and thercfore yielded three sets of five rating posiuons, a scale of fifteen in all with further 
refinements in the placing of +, ++ and ~, ——. Such a system nevertheless makes it possible to place a knife in 
the back with exquisite delicacy. For example, it was said of Harold Wilson when he was Britain's Prime Minister: 
‘What a pity. So nearly ++'. 

38 The ninc-point scale is used twice inthe ‘Yü Kung’ chapter of the Shu Ching, as described above. The reasons 
for believing that this chapter was written in the first half of the —5th century are given in SCC, vol. 6, pt. 1, 
p. 83n (e). 

“The description of cach province as recorded in the ‘Yü Kung’ was translated in vol. 6, pt. 1, pp. 85 ff Asan 
example of the ratingscales wc may instance ‘Chhing-chow. . . Its ficldsare on lower uplands, andits revenues are of 
the upper second grade’ (Chhing-cheu . . . chieh thien wei shang hsia, chiieh fu chungshang E1... REE EF ARPE). 
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Figure 13. Map ofthe Nine Provinces. See SCC, vol. 6. pt. 1, p. 84, Fig. 23- 


in North-East Shantung, and so on round.” However, the text also contains the rat- 
ings of each province as regards its capacity to produce revenue for the government, 
and we may list the provinces according to this capacity, following the serial rating 
order, with Chi-chou Æ jin the first place, and its neighbour Yen-chou # Jy in the 
last. The reasons why one province should be high on the rating list and another low, 
must have been complex because their revenues derived not only from agriculture 
but also from the production of textiles, the quarrying of precious stones and metals, 
the provision of salt and rare articles as tribute, and so on; to which must be added 
the factor of the difficulty of collection and transport in remote areas. Nevertheless, 


1 “Lhe provinces are listed in this order because the reader is following in the steps of Yü &, the culture hero, 
during his great work of draining the waters. 
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the important point is that during the —1st millennium, the rulers of China were able 
to assess thcir provinces and place them on a productivity scale in scrial order. 

The text contains a second rating of the provinces in serial order by altitude in 
three sets.'! The lowest may be described as the ‘Yangtze Valley Sequence’, which 
consists of Yang-chou # J] at the eastward end of the Yangtze towards its mouth, 
Ching-chou |J] occupying a central position in its course, and Liang-chou XH] 
towards the headwaters of the river Han j&, a tributary of the Yangtze. The middle 
set may be described as the ‘Yellow River Sequence’, with Yen-chou # jj in the 
cast, where it reaches the sea, Chi-chou ¥ N] further west into modern Shansi, and 
Yii-chou J H south of this, but including the high country of western Honan. ‘The 
third and highest set is not a river valley sequence, but two mountainous areas. 
Chhing-chou # Jt] in eastern Shantung, Hsii-chou # Jt in western Shantung, and 
Yung-chou #£ Jt in the far west, where the land rises up towards the ‘Tibetan massif. 
Naturally this province is rated the highest of the high on the altitude scale. 

That items within a category should be placed in serial order is fairly inevitable 
once a centralised government begins to collect contributions in kind from its subjects. 
But the series could very well remain a traditional list learnt by heart. Once the 
serial order is determined by such abstractions as value, distance or altitude, the 
government is beginning to move in the direction of scientific thinking. 

What is remarkable about the statements recorded in the ‘Yii Kung’ rating list is 
that the government of China should have started moving towards the measurement 
of abstractions so early. A few centuries later, however, there is evidence of far greater 
sophistication. 

A marked difference in conceptualisation in China and the West is to be found 
in the manner of presenting abstractions. For example, the synthesis of opposed 
concepts as a mode of thought is of great antiquity in China, and is still active today 
in the formation of new compounds such as shen-so {##§, literally ‘stretch-recoil’, to 
mean ‘clasticity’.*” When in the past an area of thought was delimited by contrasting 
adjectives, such as open and closed, speakers of Indo-European languages were 
naturally tempted to exploit the facility of these languages in making new words by 
adding a sullix such as -ness to one of them, and to create a noun such as openness 
which would act as a label to summarise the vague area of thought delimited by 
the opposing adjectives. Unfortunately European languages have not taken kindly 
to the idea of fusing two acljectives into a combined unit to which a suffix could 
be added, as in ‘the hot-coldness’ of the country. Grammatical irregularitics also 
add to the difficultics. They therefore chose one from the pair of adjectives (either 
‘high’ or ‘low’, for example) for development as a noun to the exclusion of the 
other. Thus came into existence in Indo-European languages the huge vocabulary 
of what Newnham’ calls ‘loaded terms’, such as length or height, terms ‘which in 
themselves suggest that the item concerned ¿s long or high’. In English there are 


" "The reasons for believing this scale te be one expressing the altitude of ‘fields’ and not their fertility are 
expressed with due caution in SCC, vol. 6, pt. 1, p. g2. 
ARES era a y n 5 
Newnhain {1971), p. 105. H Onions (1936), p. 2145- 
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many irregularities in grammar and spelling and the growth of vocabulary often 
seems arbitrary. Whereas ‘high’ gives ‘height’, ‘low’ does not give ‘lowth’; ‘warm’ 
gives ‘warmth’ and ‘hot? gives ‘heat’ but ‘cold’ does not give ‘coldth’, and ‘coldness’ 
is not necessarily the opposite of ‘heat’ but may mean less warm than expected, as 
when one speaks of the coldness of marble. The same is true of frod and froideur in 
French. The trouble is that the loaded term is loaded in relation to an unnamed 
point of reference on a scale. The noun conceals a comparison of adjectives. For 
example, the height of a hill implies that it is higher than the plain or than sea level. 
One could only talk of ‘lowth’ in relation to some given standard of reference. 

‘The coming of modern science precipitated a crisis for the users of the Indo- 
European languages. When heat was measured it became ridiculous to talk about 
ice having so many degrees of heat. 

A new term was needed which would conveniently summarise all that lay on the 
scale between the two extremes. This could have been ‘hot-coldness’ but new words 
were invented, such as ‘temperature’, which had originally meant the action of tem- 
pering or moderating something. But by 1670 it had been given the new meaning of 
‘the quality or condition of a body which in degree varies directly with the amount of 
heat contained in the body’.** Sometimes an existing word met the requirements of 
modern science, as when ‘distance’, the space between two points, adequately sum- 
marised the relationship of ‘near’ and far’. But often the ancient word was not ad- 
equate, so that ‘speed’, for instance, which implies quickness, had, by the year 1550, 
to be supplemented with the new word ‘velocity’ which, though in Latin meaning 
‘speedy’, in English came to mean ‘rate of motion’, covering slowness as well. And of 
course at a later stage we find the distinction between speed as a scalar, and velocity 
as a vector quantity. 

‘The Chinese language was able to take this problem in its stride. As Gerr points 
out, ‘An interesting and important group of terms in Japanese (and Chinese) uses the 
implied synthesis of “opposed concepts” to provide a general notion which includes 
both the extremes and a multitude of intermediate degrees.” 

A similar type of opposition of two ends of the scale occurs in the examples 
of mathematical procedures set out in the Chiu Chang Suan Shu 7, = &. At one 
end of the scale a simple example is given, at the other a complex one. This is 
already a concession, for a truly wise man would need only one example in order 
to understand the pattern; as it is expressed in the Chou Pi Suan Ching AARI gE — 
‘Though the principles [of mathematics] can be simply stated, their implications are 
far reaching. If from the knowledge of the problem one can deduce an appreciation 
of 10,000, a true understanding is then reached.’*® In a society where this is the 
attitude to knowledge, the setting forth of a proof, particular by particular, in logical 

H Gerr (1944), P. 37- 

H Elasticity was itself a new concept in 1654. To coin a word for it, meaning had to be stretched from the Greek 
verb elauncin (€Aauvelv) meaning: “l'o hammer out into thin plates’. 

t6 Cheu Pi Suan Ching, ch. 2, p. 16, in a dialogue between Chhen Tzu R F and Jung Fang #F, wans., mod. auct., 


Chhen Cheng-Yih (1980), p. 72: “Fu tao shu yen yüeh erh yung po che, chih lei chih mang, wen i lei erh i wan shih ta che, wei chih 
chi tao AUB MSHA S: SRL H-PHASSBe Hz is. 
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steps would not only be disruptive of the Tao, but unworthy ofa true scholar. There 
was, therefore, in China a considerable barrier to the formulation of mathematical 
proofs, due to the social attitude of the educated. 

The Auan Tzu -F cannot be precisely dated, for, as so often with these early 
works, ancient material was used by later compilers.” But around the —3rd to —2nd 
century ts a reasonable working date. Chapter 58 of the Auan Tzu contains a passage of 
the greatest interest in the development of scales for classification. It was discussed in 
some detail above, ** being one of the oldest writings on geo-botany in any civilisation. 
But it merits further brief consideration on account of the skill with which these early 
writers classified the information fed in from prolonged field research. 

This chapter discusses the different types of plant-clothed terrain, lists the quality 
of the soil and the accessibility of water, groups plant species in scales of aridity and 
altitude, and considers their edaphic relations. It is an analysis of habitats within the 
Nine Provinces (Fig. 13). ‘These habitats are considered under five heads. ‘The first 
three are types of land considered in relation to the depth of the water-table. The 
fourth outlines an oecological gradienton a twelve-point scale. The fifth is concerned 
with soil productivity (for further details see SCC, vol. 6, pt. 1, pp. 48-56). 

Under the first head the land considered is that ofa gently sloping plain surround- 
ing a great river, categorised as potentially irrigable farmland, tu thien jE. Five types 
of soil are described under this head, each placed on a scale in series according to 
the depth of the water-table, at intervals of 7 feet, from the ‘driest at 35 feet above 
the water-table to the ‘wettest’ at only 7 feet above. The ways in which cach type 
of soil could be identified, by its colour and other qualities, and the plants naturally 
growing on it, were described in SCC, Volume 6, part 1, and need not be repeated. 

From the gently sloping plain the survey proceeds upwards into hill country. Under 
the second head are considered different sorts of land in which the water-table 
becomes progressively further removed from the growing crops as the land rises up 
towards mountains. 

The scale continues as before at 7 foot intervals, from a depth of 42 feet to 140 
feet. Wells sunk in farms would have given the necessary water-table information. 
Because under this head there is so great a difference in the levels of the water-table. 
five subdivisions are not enough. Fifteen are named, and, in addition, warning is 
given of three types of area where digging is useless because no water can be found. 

Right up in the really mountainous area which is studied under head three it is no 
longer possible to extend the water-table scale as before. Instead, three areas are de- 
scribed on the mountain top where water can be found by boring to a depth of 2 feet, 
3 feet and 5 feet. In addition there are two areas on the ‘flanks’ of mountains*? 
where it is possible to obtain water by boring to a depth of 14 feet and 21 feet. But 


47 On the compesition and dating of the Aian Zzu sec Rickett (1965), pp. 1-35. 

'8 See SCC, vol. 6, pt. 1, p- 49. This chapter is entided ‘Ti Yiian dt A’ which may perhaps be interpreted: ‘On the 
Variety of what Earth Produces’. 

+ The terms used are chhat ff, said by commentators to mean phang $, and tshe $l, both words meaning ‘side’, 
and evidently used here as technical terms for some aspects of a mountain’s flanks. 
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here the sites are still serialised in descending order of depths to be dug, from 2 to 
21 feet. 

The usefulness of the number five in placing items on a scale is well brought out 
by the fact that the first three heads list five, fifteen and five items respectively. A 
scale consists of quite arbitrary divisions. It would, no doubt, have been possible to 
list seven types of soil by a different classification under head one, and to have set 
them out on the water-table scale at seven points dictated by the depth of the water 
in steps of 5 feet instead of seven. But in this instance, five types of soil seem to be 
the most convenient classification. Under head four, however, a different situation 
obtains, for here we have an oecological gradient in which typical plants are listed 
on a twelve-point scale of habitats ranging from lake water to dry ground. In their 
serial classification the early geo-botanists of China were not victims of numerology. 

Under the fifth head are listed eighteen different types of soil graded for their 
productivity. What is particularly interesting is that these soils are serialised on, as it 
were, a percentage rating; that is to say, the three best types of soil are rated at ten 
out of ten, and the others as fractions of ten. 

The three highest yielding soil types, each of which is awarded ten out of ten in 
the productivity rating, are described in great detail, as being the standards against 
which lesser soils may be matched. We shall return to this description before long. 
The fifteen remaining soil types range from 8o per cent to 30 per cent in productivity. 
As the Auan Tzu writer says: 


Among the Nine Provinces there are ninety different (sorts of) plants growing on thcir soils. 
Every type of soil has its regular characteristics, and every plant can be graded in an order 
(of luxuriance).”” 

(Chiu chou chih thu wei chiu shih wu. Mei chou yu chhang erh wu yu thu AII + Aiti. 
ay s 
EWA RNAAK). 


These fifteen soil types are classified at three levels. Three are awarded 80 per cent 
for productivity, andare called ‘upper soils’, shang thu _[| +; sixare classified as ‘middle 
soils’, chung thu +, three of which are rated at 70 per cent and three at 60 per cent. 
The third group of ‘lower soils’, Asia thu F +, are also six in number, but they are 
subdividedinto three groups of two soils cach, meriting 50 per cent, 40 per cent and 
30 per cent respectively. Once again it may be noted that this system of classification 
does not look like the sort of schematisation that might have been dreamed up by a 
bureaucrat who had never got his hands dirty. No doubt it was put in its final form 
by such a person, but the data on which it is based smell of the land. For instance 
a bureaucrat would have been tempted to divide the fifteen types of land, which 
fall below the level of the standard-setting top three, into three equal groups of five 
each, or five equal groups of three each. But the best land is not the commonest, 
and it is entirely plausible that only three types should have been found to merit an 
80 per cent rating, Similarly, the fact that the poorest land of all, rated at only 30 per 


$e Kuan Tzu, ch. 58. 
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cent for productivity, should form a sub-group of only two types is also persuasive. 
It is further to be noted that the author of this document resisted the temptation to 
classify al) the lands together into five percentage groups: — 20 per cent, 40 per cent, 
Go per cent, 80 per cent and 100 per cent — but proceeded pragmatically with his 
‘standard group’ at 100 per cent, and then six, not five, other groups at 80 per cent, 
70 per cent, 60 per cent, 50 per cent, 40 per cent and 30 per cent, which would 
certainly permit a finer grading than would be possible if he had classified them in 
only five groups. 

Such, then, is the remarkable progress made in China by the -3rd to —2nd century 
in the art of serialised classification. 

To form a scale by measuring the depth of wells to the water-table is one thing. 
To measure the lengths of a taut string which, when plucked at different intervals, 
produces a musical scale, is another. But to organise sense impressions when the 
data can be measured only with sophisticated modern equipment in such a way as 
to produce a scale is a very different matter. Yet in both China and Greece attempts 
appear to have been made to classify tastes, smells and colours on the analogy of a 
musical scale.*! ‘here was always the rainbow suggesting an order of colours which 
the Chinese followed by placing yellow in the middle, but it was not possible to apply 
numbers to colours except in a numerologica) way until Angstreém in his Recherches 
sur le spectre solaire, published in 1868, showed how wavelengths could be analysed by 
means of diffraction gratings; these were perfected by Henry Augustus Rowland in 
1887, who invented a ruling engine with an exceedingly regular drive-screw which 
was able to rule up to 43,000 lines per inch on the metal grating.” Neither the ideas 
nor the technology for this were available anywhere until the 19th century. 

Terms subtending different groups of named colours are very useful. English is at 
a disadvantage in not having a term in general which covers a range of greens and 
blues. One is forced to say duck-egg blue or peacock green or possibly turquoise, 
whereas scientific writing has eyan-blue, the green also known as ‘verditer’. The Latin 
term caeruleus subtends cyaneus, azure blue, and viridis, leaf green, just as chung # in 
classical Chinese usage subtends a range of greens and blues distinguished according 
to context. But ch/ung has acquired a broad covering power, often in order to avoid 
describing something as black, a word with unfortunate Yin 8 connotations. Simi- 
larly in English the word ‘pink’ covers a segment of the spectrum at a certain level of 
dilution ranging from orange to mauve. ‘lo say that something is pink is not to speak 
ambiguously. It is a saving in mental energy to use a term at a more general level 
of classification if this meets the needs of the situation. If the speaker is required to 
be more precise he will descend one level and find such terms as ‘salmon’, ‘rose’ or 
‘cyclamen’ to define more exactly the type of pink he has in mind. The same occurs 
in Chinese. It is often convenient for an author to use the term ching, for it rarely 
happens that ambiguity occurs due to the sky being green or the grass blue, but if it 


`L Fora detailed comment on the parallelism bewween colours and sounds, and the factthat the Chinese regarded 
them as ‘tallies’, sce SCC, vol. 4, pt. 1, p. 164, n. €. 
>? Dictionary of Scientific Biography, vol. XI, p. 378. See Gillispie (1970). 
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should be necessary to be more precise, Chinese offers a wonderful range of colour 
terms. 

It would seem that in early times in any culture, colour words are used loosely 
because of the complexity of the phenomenon being observed. Certainly in the clas- 
sical West this was so. As Stearn says, ‘Classical use of colour terminology was “too 
wide, too indefinite, too variable” to supply good precedent for niedern scientific 
purposes.’ The terminology was used in variable fashion because of the three dif- 
ferent factors in colour — hue, value and chroma. The word for a colour remarkable 
for its chroma or vividness, such as Tyrian purple, might be used because of its vivid- 
ness rather than its hue, just as in Latin purpureus and candidus might be used to mean 
‘shining’ rather than purple or white. Similarly in Chinese, the word chhing is some- 
times used to indicate value (lightness/darkness) as when a cow described as chhing 
is black, and a horse said to be chhing is grey, though in Chinese the interpretation is 
complicated by the Yin factor mentioned above, or by the wish to indicate through 
the use of this word that the animal is brindled.** 

But the rise of different technologies compels greater precision in the colour vo- 
cabulary. An artist wishing to reproduce a particular red would, even in early times, 
have had to distinguish between ingredients obtained from the madder plant or the 
kermesinsect or from cinnabar, and increasing refinements in their manufacture in- 
creased the vocabulary, so that the word kermes generated two colour words carmine 
and crimson, for example. Rigour in the use of terms was even more important for 
dyers attempting to supply customers with the same colour for cloth, and the need 
for standardisation of colour became urgent when European armies followed the 
Turkish example and gave their soldiers clothing which was uniform in colour and 
cut. In China not only was there a high tradition in painting, dyeing and embroidery, 
but in ceramics the Chinese potters produced glazes with colours of a range and del- 
icacy which astonished the world. Inevitably these colours acquired special names, 
but the nomenclature of Chinese glazes is fraught with difficulty, partly because time 
has taken its toll and the original term has become distorted, as with the chihung #& £0 
or ‘sky-clearing red’ glaze,” partly because the term may describe the manner in 
which the glaze was applied rather than its final colour, or some other aspect of the 
technical process, and partly because a glaze intended for one colour might turn out 
as another, purple instead of red, for example, due to the vagaries of temperature 
or trace elements, or the absence of oxygen. But what is impressive is the fact that 
so many colours were named, and, as so often with Chinese technical terms, with a 


53 Stearn (1966), p. 242. Buthe also makes the point (p. 238) that ‘the despised dycrs, clothiers, artists, decorators 
and cavalry-men of antiquity, indeed all who in their callings then used colour terms with precision, must have 
had specialised vocabularies which have lefi litte or no literary record. Colour names as used by poets tend to be 
metaphorically or indefinitely applied. . . . The development ofa colour vocabulary depends largely upon progress 
in extracting and manufacturing dyestufls and paints with consistent results.’ 

A lacuna in the terminology of ancient Greece and Rome will also be observed in the fact that words for 
brown and grey were not intreducedinto Latin or the Romance languages until the arrival of the barbarians, who 
brought with them Old Teutonic *brun-o-z, whence Late Latin bruns, or Old High German gris, whence modern 
French gris. There were, however, words in Latin for dim, swarthy and tawny, such as fuscus and pullus. 

» Hobson (1915), vol. 2, pp. 9-10, suggests possible meanings of the term. 
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vivid directness. Among the reds we find that of ‘mule’s liver’, fo-kan hung 8% AF &4r. 
and ‘horse’s lung’, ma-fei hung fifi 21. as well as reds named after jewels, flowers, 
fruit, cosmetics, and the chemicals used in their manufacture. The use of colours 
stimulates classification. For example, of the various colours vaguely regarded as 
blue, one group in English is labelled violet, by abstraction of the colour from the 
general concept of the plant of that name. Of the varieus colours regarded as violet, 
some ata certain level of dilution are classified as lavender,® this term again being an 
abstraction from the general concept of the lavender plant. Similarly in Chinese the 
general term chhing subtends three rather more precise colours, indigo-blue, lan $. 
green, lü 4k, and that part of the spectrum where blue and green meet, inadequately 
described in English perhaps as turquoise, but in Chinese by reference to the blue- 
green plumage of the kingfisher, tshui #2. Fach of these again subtends a number of 
colours of still more precise application. ‘The terms for them are labels, not defini- 
tions, just as in English ‘mazarine blue’ or ‘shocking pink’ do not describe the colours 
they represent, but are means of reference once the colour is known. Thus, among 
the greens we find some with uninformative labels like ‘strong green’, ta lü Kik. 
or ‘superior green’, shang lü $- 4, but others are highly descriptive, being based on 
acute observation, such as the green which is the colour of bean oil, fou-yu se F jh. 
orthe brilliant green of growing onions,” tshung-lü $ €, to be distinguished from the 


+ 


more delicate green of onion sprouts, chhing-tshung # &,°° and the intense iridescent 
green likened to snakeskin, she phi lü #E j 4k. 

Even if some sense impressions could not be graded by measurement, in the way 
that was possible with the levels of water-tables or by measuring the length ofa string 
emitting notes of a particular pitch, it was still possible to promote a sense of orde 
by grading impressions on some sort of scale. 

A great step forward in scienufic thinking is made when things are grouped andi 
compared not only by likeness but by measurement. A point is reached where the 
comparison of adjectives is replaced by the juxtaposition of nouns, as when “This # 
moister than that’, is replaced by “lhis contains 15 grammes of water, but that has only 
10’.°9 The Chinese were, from the earliest times, concerned with the accuracy of mea 
surement, something so distrusted by the Greek leisured class that in geometry Plata 
would permit only the use of the compass and ruler. This was illogical, since a straight 
line and a circle so drawn are only approximations, as the microscope or a good mag- 
nif ying glass readily reveal. The Greek point of view was perhaps derived from sor 
early confusion over things which can be counted and by contrast things which ca 
only be measured, in which case the resulting numbers are approximations. Thi 
confusion between collectives, countables and measurables still persists in Europe 
languages today, as in such words as zformations and accommodations, where speake 
from different nations hold that information and accommodation can or cannot b 


5è For the botanical gradations of colour see Stearn (1966), pp. 240-2, and H. A. Dade’s colour chart the 
reproduced, in which lavender is to flax blue and lilac as violet is to blue and purple. 

5? See Bushell (1906), vol. 2, p. 21. 38 Hobson (1915), vol. 1, p. 62. 

°° The importance of the supersession of Aristotle's qualitative physics by a quantitative and strictly testai 
physics is made by Graham (tg71), p. 178. 
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counted. The Chinese, on the other hand, took an extremely pragmatic view of 
measurement, in early times as well as more recently, as Nathan Sivin has shown: 


When we measure something an inch or a grain at a time there is bound to be discrepancy 
by the time we have counted up to a foot or an ounce. . . . Our best course is to continue 
using a technique so long as its inaccuracies remain imperceptible . . „8° 


In SCC, Volume 3, the point was made that Chinese characters which today mean 
100, 1,000, 10,000 and so on, were not originally merely numbers, but indicators of 
place-value as well, a concept dating from Shang times.” It would seem that Literary 
Chinese was a language well equippedfor describing accurate measurement, having 
terms needed for expressing not only very large numbers in terms of place-values 
but also very small ones (Fig. 14). 


Over the centuries changes in the way terms were systematised occurred, and finally 
we find three systems developed from the simpler pre-Chhin system which had 
characters indicating each step from 1 to 108. These three systems are set out in 
Figure 14. 

Although classical Greek used the word ‘myriad’ for ten thousand, Latin speakers 
were content with ‘mille’, a thousand. But by the 14th century in England, and 
somewhat earlier in France and Italy, the need was felt for a number-term rather 
biggerthan the thousand, and this was providedby the Italians who added to the word 
millean augmentative suffix, making millione, meaning ‘a thousand thousands’. ®? This 
was followed in the 17th century by billion, whose ambiguity will be considered below. 
In Europe, then, the trend has been to increase the number of numerical terms, but 
in Mast Asia the trend has been the other way. China from an early date had not only, 
like Greece, a term for 104, a myriad (wan #); but also terms for 10° (i {#); for 10°, a 
million (chao 3k,); 107 (ching 3), and 10° (kai 3%). These terms certainly existed before 
the -3rd century® (see Fig. 15). During or after the Han some of them changed their 
values. It was quite unnecessary to have a special term for 10° (¿i 44), which could be 
expressed as ‘ten wan’, so i {Ẹ was changed to mean ‘war times wan’ ten thousand 
times ten thousand or a hundred million, 108, and the word chao 3k, which had till 
then meant a million (10°), was also unnecessary, for a million could logically be 
expressed as “a hundred times ten thousand’, which is how this number is expressed 
in China today. Chao therefore, during or alter the Han, came to mean either 10’? or 
10'° according to one or other of the systems in use. In other words, before the Han, 


60 Tai Chen Wen Chi, p. 99 (Hongkong, 1974), cited by Sivin (1982), p. 6. 

6! Sce SCC, vol. 3, p. 83. For a more recent survey of the early use of numbers in China see Lam Lay-Yong 
(1987), pp. 365 ff, where we read, ‘the origin of the Chinese written number system, which is of decimal scale, 
could be traced to the oracle bone characters of the Shang Dynasty... . The counting rod system is a transcription 
of this decimal number system into a notational form. ..’. 

6° The word was sufficiently familiar in Venice by 1300 to be applied as a nickname to Marco Polo. See Yule & 
Cordier (1871), pp. 6, 54 and 67. But this carly use meant only ‘a large number or quantity’. Its use in relation to 
money was defined in 133@ by Jacopo d'Acqui as ‘mille milia librarum’. Sce Dé ziovano etimologico della lingua italiana 
(1983). , 

63 Chhien Pao-Isung (1932), p. 93- 
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Figure 14, Diagram showing Chinese numerical systems. 
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there were special terms for ten to the power of two continuously up to eight, and 
possibly to nine. A rational and economic system, however, only required special 
terms for 107, 10+, 10° and 10'°. By eliminating special characters for 105 and 10°, 
Literary Chinese came nearer to the ideally logical system. With the dropping of the 
special term for 107 (ching #), and the use of chao for 10° modern Chinese has now 
attained this ideal system, except that the word for thousand (chien F), too useful to 
be discarded, still remains,® and chao tends to be used on occasion for 10!?. 

The complexities of higher numbers were not, however, entirely eliminated, for 
when systems had been elaborated by which the terms for higher numbers could 
be interpreted in three different ways it was necessary to know which system an 
author was using. More exactly, there were three systems, the lower, middle and 
upper, details of which were given in SCC Volume 3.% It is not necessary to repeat 
all that was said there. An example will suffice. / 4% in the ‘lower system’ meant 109. 
as it had done in carly times. In the ‘middle system’ it meant 108, and in the upper 
system also 10°, but chao 3k, in the lower system meant 10°, in the middle system 
10%, and in the upper system 10'°, It is obviously important to know which system 
a mathematician is following in a given text. In our example of 1644866437500 
quoted below [7.2.5, p-11] from the Chiu Chang Suan Shu,” Problem 24, and used in 
Figure 14, it is quite clear that the author is following the ‘upper system’ because his 
first figure, 1, is followed by twelve ciphers or places. In other words it is ten to the 
power of twelve. As can be seen from Figure 14, in the ‘middle system’ this would 
be expressed as chao, and only in the ‘upper system is it expressed as wan-i & 1#, 
10,000 X 100,000,000. 

This is the way the term is used in Chiu Chang Suan Shu, Problem 24. If it is true. 
as Shen Kua 3£4% , the +1ith-century astronomer, asserts, that the lower system 
is the earlier, the pattern in the Chinese numeral system would seem to be similar 
to that which developed in India, where the Indian genius for nomenclature and 
classification showed itself in a numeral system in which, as in the ‘lower system’ in 
China, a new term was invented for each succeeding power of ten. But whereas the 
Chinese system docs not appear to have exceeded eleven terms above 1,000,°9 which 


i.e. 


64 On this see SCC, vol. 3, p. 87. 

65 For the present Chinese numerative system see Figure 14. We arc indebted to Li Wen-Lin 244 of the 
Institute of Mathematics, Academia Sinica, for help in this classification. 

85 See SCC, vol. 3, p. 87. 

67 The example in the Chiu Chang Suan Shu, ch. 4, Problem 24 reads: i liu ssu ssu pa liu liu ssu san chhi wa 
—FABARABECA, ie. 1.644,866,437,5¢0. 

68 Shen Kua (Meng Chhi Pi Than, ch. 18, para. 7). See SCC, vol. 3, p- 87. n. b, where continuing confusion in 
modern scientific usage is discussed. 

6 The eleven terms arc: 
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is two more than are found in the Fajuwveda Samhitd,’® when the Indians elaborated 
a centesimal scale they invented twenty-three additional terms.’! @ne cannot but 
admire the determination of Indian mathematicians who continued to find names 
for ever higher denominations far beyond the point where other civilisations had 
called a halt to the process. Nevertheless a big vocabulary of special terms for large 
numbers taxes the memory, and in India as elsewhere, simpler systems have now 
taken their place, though even today it is normal for large numbers to be expressed 
in lakhs (100,000) and crores (10,000,000). 

Thc question ofhow large numbers should be expressed is nolonger areal problem 
in writing,” since international conventions now largely obtain. All use the so-called 
Arabic numerals, but Western authors still group the ciphers in threes indicated 
either by a comma or by a space between the groups of figures. This is not usual in 
India where commas, if used, indicate lakhs and crores, and are placed to indicate 
10° or 1@7, nor in China where the numbers are conceived in terms of the power of 
4, 8 and 16, and where the logical point of view is taken that if commas or spaces are 
not needed for ciphers to the right of the decimal point, they should not be necessary 
to the left either. In fact, there are occasions when it would be convenient to group 
figures in a long sequence of decimal places in fives, in order that the reader may 
form a quick appreciation of how many decimal places are involved. The same would 
seem to hold for figures both to the left and the right of the decimal point. A glance 
would show within what power of ten the total number fell. The number of cubic 
feet in the sphere mentioned in Chiu Chang Suan Shu, Problem 24, for example (sce 
Fig. 14), if grouped as 164 48664 37500 would immediately be seen to have thirteen 
ciphers, or in other words to be within the range of 107°. 

It is interesting that not only does Literary Chinese have terms like thousand 
and myriad for large numbers, but, at least from the +3rd century, it has also had 
terms for the positions of decimal fractions (sce Fig. 15). These are nine: Jen 4}, li $, 
hae B, ssu 8%, hu B, wei FX, hsien $8, sha yy, and chhen RE. But whereas a term like 
thousand or myriad indicates an actual number as well as a decimal place-value, 
these nine terms came to indicate merely the order of a number in a sequence of 
numbers. Fen is usually a tenth, and ten fen make a whole. But a fen is -Ż- of a tael, 
a Chinese ‘ounce’ of silver (ang W). A hao is —— of a mou Bh or Chinese ‘acre’, 
but —— ofa tael. Fn and hao are simply guides to the position in the numerical 


10,000 
sequence. A foot is divided into 10 inches, and a tael of silver was divided into 





1 Yajurveda Samhita, xvii, 2. 

iU See Datta & Singh (1935), pp. 10-12, for details of other systems in India. 

72 The same cannot be said of spoken numbers. Chinese numerals are admirably consistent, but Indo-European 
languages arc plagued by anomalics, such as the trick of inverting the word order, as in ‘three-and-twenty’; reversion 
to outmoded counting systems as in ‘four score and ten’, ‘quatre-vingt-dix’: change of calculating method from 
addition to multiplication as in ‘fourteen’ and ‘forty’, with additional spelling anomalies in English; and failure 
to agree at the international level on the meaning of the terms /il/on, irillion, etc. This resulted not from ill-will 
but because Western civilisation is compartmented by nation-states. “Vhe American system of numeration for 
denominations above one million was modelled on the French system but more recently the French system has 
been changed to correspond to the German and British system’ (Hebster’s Dictenary. 1976 cdm, p. 1549 under 
Number Table). This confusion in terms is also discussed in SCC, vol. 3, p. 87. n. b. 
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10 ‘cash’ chien $%. Only after these subdivisions of the basic unit do the nine sequential 
terms begin. Etymologically they may have begun as minute measures of length, the 
hu being described as the diameter of a freshly reeled silk fibre newly produced by 
the silkworm.” In fact they must have been invented or used as a later scholastic 
construct to express results of calculations. Liu Hui 449 had no names for decimal 
places beyond hu %,’* but when names ran out he continued by expressing the fraction 
as part ofa tenth, a hundredth, a thousandth, etc. of the last term. An unusual feature 
is that each of these terms may indicate not one digit in the sequence but two or 
three. Thus we find the 16th-century mathematician and musicologist Chu ‘Isai- 
Yü kÆ 3H expressing large decimal fractions in three different ways, according to 
whether they represented a lincar, rectangular or cubic measure. For example, one 
side of a rectangle, or a square or cube root, might be expressed as shown in the 
‘linear’ row in Figure 15, but the area ofa rectangle might be expressed in square feet 
with double digits and the volume ofa cube in cubic feet in triple digits. The examples 
in Figure 15 are taken from Chu Tsai-Yt’s calculations to establish measurements for 
equal temperament and in the original text have from 10 to 23 places of decimals.” 
Chu Tsai-Yii expresses his calculations as follows: The side of a triangle measuring 
14.14.213 5623730950 . . . inches is written in Chinese characters as: 1 foot, 4 inches. 
1 fen, 4 li, 2 hao, 1 ssu, 3 hu, 5 wet, 6 hsten, 2 sha, 3 chhen, followed by unclassified digits 
7300950, etc. But when this side is multiplied by 10 inches and the resulting area is 
expressed in square inches, he writes it as: 141 inches, 42 fen, 13 dt, 56 hao, 23 ssu, 
73 hu, ctc., and again the figures 1189.2071150027210667175, representing a cubic 
measurement, are expressed in cubic inches as: 1,189 inches, 207 fen, 115 &, and so 
on. The decimal fraction terms are used to express not place but the sequential order 
of digits. 

Itis clear from these examples that Literary Chinese was as well able to mect the 
demands of expressing complicated numbers as any other pre-modern language. 
But counting and measuring arc not the greatest tests of a language, as we shall see 
in what follows. 


(3) PROBLEMS OF CLASSIFIGATION AND RETRIEVAL OF INFORMATION 


We have spoken of the importance of numbers in promoting a sense of order in a 
seemingly chaotic universe, and of how items which have been compared may be set 
out in a serial order of increasing usefulness and accuracy as the arts of measurement 
are refined. ‘lhe next problem to be considered is that of the retrieval of information. 
Retrieval becomes a problem when information is available in such bulk that the 
reader can only find what he is looking for when it is arranged according to a 
systematic classification. 


73 See SCC, vel. 3, p. 85, on the expressien of decimal fractions and all types of weights and measures. ‘This 
follows a reference to Sun Tzu’s having noted (by ¢. +300) that the diameter of freshly spun silk threads formed the 
standard for the / measure. 

R Donald Wagner personal communication, 9 June 1983. 

75 Lü Hsüeh Hsin Shue, ch. 1. fel. 10a. Sce Rebinsen (1980), pp. tr2-16. 
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Let us consider first the characteristics of the Chinese language as a source of 
labels for the items that are to be included in any system of classification designed 
for the easy retrieval of information. 

In pursuing the question of systems of classification a considerable emphasis will 
be given to botany. This is because the relationship of the plants with which it is 
concerned are of such complexity as to present the highest challenge to systematic 
classifiers. The need for getting some order into the confusing world of plants was not 
lost on the thinkers of the Lyceum in ancient Athens, nor on their contemporaries in 
ancient China. Herbalists and doctors whose income depends on patients anxious 
for an instant remedy, are not in a position to delay over-long their decision on what 
would be the best medicine. They need an efficient finding mechanism. 


(1) Levels of specification 


The Chinese language is well endowed with words which do not compel a speaker 
or writer to be prematurely specific. This is less so with Indo-European languages. 
English has been compelled to invent such recent neologisms as “chairperson to avoid 
the male specificity of man, an embarrassment which does not occur in such Chinese 
compoundsas kung jen L jA, workman, where jen A , like person, is non-specific. English 
is still unable to avoid the specificity of he and she which is possible in spoken Chinese 
with the single word tha 4. If specificity is required in Chinese it is always possible 
to say ‘that male person’ or ‘that female person’. Similar obligatory distinctions, 
as between male and female friends, are forced on speakers of inflected European 
languages even more often than in English, as when the German speaker must say 
either Freund or Freundin. Vhe law and government in the West of ten make it necessary 
to find a gencral term or a collective which can be relied on to cover all instances. 
The word vehicle, for example, is needed in English to cover many different types of 
carriage and conveyance. The Chinese equivalent, chhe #, is a word of the people. 
This word may be analysed now as an example. 

Originally depicted in writing as a chariot or wheeled vehicle, it was generalised 
and broadened to cover not only a vehicle but any sort of wheeled contraption. ’° 
Below this highest level of generalisation the word was distinguished into compounds 
of two types — (a) vehicles, and (b) machines with wheels, as opposed to machines 
which did not have wheels, such as looms. At the first level of specification occur 
such terms as (a) fing-chhe & #, ‘war-vehicle’ or chariot, and (b) hua-chhe ph $, ‘slip- 
contraption’ or pulley, the simple machine with wheels that reduces friction and 
makes the work smoother, or feng-chhe A$, the wind-machine with internal wheels, 
one of whose specific applications is winnowing. 

At the next level of specification the word chhe in the sense of a vehicle may be 
further defined according to how it is powered, for example, ‘horse-vehicle’ (i.e. 
some type of cart or carriage), ‘hand-vehicle’ (i.e. a wheelbarrow or push-cart), 


78 On wheeled contraptiens see SCC, vel. 5, pt. 5, p. 225. 
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‘fire-vehicle’ (a locomotive), or ‘gas-vehicle’ (a car or automobile of some sort using 
internal combustion for its power). Each of these may then be further defined, for 
example, with reference to their use or purpose. Thus the ‘gas-vehicle’ which is 
used for the transport of goods becomes a ‘goods vehicle’, huo-chhe $ #, in which 
it is no longer necessary to repeat the word ‘gas’, and the term can conveniently 
be abbreviated. Similarly a ‘gas-vehicle’ which protects or saves lives, wei-sheng-chhe 
48 #e B, and one which carries the wounded, fu-shang-chhe A4¥ B, are both in English 
regarded as ambulances, though in Chinese the differentiation of term distinguishes 
between ambulances for civilian and for military use.” 

What becomes clear from this example is that Chinese terms can be simplified by 
cancellation of unnecessary elements almost as if there were a mathematical rule to 
that effect. The rule would be that if in its context one component of a term can 
be dropped without loss of clarity, then that component will be cancelled for the 
sake of brevity. In a really well-established context it is even possible to go back to 
the highest level of generalisation, equivalent in the above example to a wounded 
soldier on the battlefield saying, “Where is the contraption?’ This rarely happens 
in English or other Indo-European languages for two reasons. First, the terms are 
scldom organised, as they are in Chinese, in hierarchic levels reminiscent of botany. 
Instead of the four levels of chhe in the above example one finds in English at each level 
completely individual words which betray no connection or organisational relation 
to each other, i.e. contraption, vehicle, automobile, ambulance. Secondly, to form 
compound terms in which the components can be moved around like mathematical 
symbols, it is essential that they should be short, preferably monosyllabic. In English 
a technical term such as ‘carry-wounded-vchicle’, seven syllables where Chinese uses 
three, would be too clumsy to gain acceptance. 

For the purpose of science a language needs to be well provided not only with gen- 
eral and collective nouns, but with nouns at different levels of specificity, appropriate 
to the level of detail at which a matter will be treated.’* If things are to be properly 
classified, each descent to the more specific creates a term which becomes a collective 
for the category of specifics at the next descent. For example, in botany an ovule in 
the specific condition of belonging to a phanerogam and having been fertilised is 
termed a seed. A particular type of seed together with its envelope is described as a 


77 The facility with which Chincse technical terms can make distinctions often lacking in Indo-European 
languages should be noted. The word ‘armature’, for example, is distinguished in Japanese according to whether 
it is engaged in producing or consuming an electric current, abuden-shi (fe tien tzu BE F), being the armature of a 
generator, and dendo-shi (lien tung tzu & HF), the armature of an electric motor. A technical term is not, of course. 
self-delining. It is a label. The Latin components of the English word docomefive give a rough indication that the 
machine in question is not static but moves from placce to place. But they do not define it. Also words may remain 
when the things they label have changed beyond recognition, as is shown by the English word mass which originally 
meant a cake of barley meal and ended up meaning a quantity of matter. Or again, accidents can happen. as 
when the newly inv ented wheelbarrew borrowed the name fang-chhe $Æ from the silk-winder, since both were 
mono-wheels. Subsequent generations could not distinguish one from the other as they appeared in ancient texts, 
just as future generations might be puzzled to read in English, ‘He took his wheel for a spin’. See SCC, vol. 4. 
pt 2, p. 267n. 

78 For further thoughts on Chinese technical terminology see SCC, vol. 3, p. 574 ‘We know the technical terms 
for all the parts of the very complicated bronze crossbow triggers of the Han ...”. 
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Table 1. Soil identification characteristics, from Kuan Tzu, Ch. 58, Ti Yan’. 





~ 
~ 


~ Soil types Hs Thu Chhih Lu | Huans Thang | Chhih Chih | Hei Chih 
BK 

Check- “E FA Ri 

list 
Water-table 

(approx.) 

depth in feet 
Units for soil 
‘resonance’ 


scale note or chio shang yü chih 
position 





animal making pheasant sheep pig 
similar sound 


colour of water grey-green white yellow black 





taste of water sweet stinking salty bitter 


EES 


}— 
colour of soil red yellow - black 








characteristic of robust long-lived unsettled unsettled 
inhabitants 





crops grown all cereals | all cereals glutinous soy beans rice 
millets wheat wheat 


distinctive plants thatch grass | floss grass | floss grass reeds [not 
and trees jujube tree | wild pear white willows certainly 


(some cxamples mulberry identified] | 
only) 























frut. An indehiscent fruit is a nut. Found on bushes belonging to the genus Corylus is 
the type of nut known asa hazel. 

For quick description, and the ability to direct another person rapidly to the 
objective, without having to search for the precise word, it is important to have 
at a certain level general words which do not compel a speaker to make choices 
before choice is necessary. If one has a general colour word like black, this is enough 
to begin with. It can be qualified later as regards value and chroma. If one has a 
general weather word like wind, it can be qualified later to indicate a high wind, 
gale, blizzard, typhoon, etc. Items in series of five are easy to memorise. They can 
be used as check lists. To see the check lists in action in Chinese we may turn to the 
chapter of the Awan Tzu already referred to,’? named ‘Ti Yiian 48’, which, as we 


73 See above p. 10 and for botanical details SCC, vol. 6. pt. 1, pp. 48 7. 
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said in our discussion on ecology and phyto-geography in Volume 6,8? could well be 
translated as ‘On the Variety of what Earth Produces’. The word yian in fact has, as 
one of its meanings, ‘number’, explained in the Shue Hen as ‘Thing numbers’.*! If the 
chapter title here is ‘Earth Numbers’, this might be developed a little, as: ‘On the use 
of numbers for grading crops from different soils at varying depths of water-table’. 
This chapter begins with a study of five main types of soil. Its findings may be reduced 
to a table, as shown in ‘Table 1. It is certainly not a work of rural uplift, written to 
benefit the peasantry. On the one hand, a peasant whose family has been cultivating 
the same fields for generations does not need to he told that the soil is sticky clay but 
will produce a decent crop of beans. This he knows already. On the other hand, even 
if he could read, it would do him no good at all to discover that the musical pitch 
note of his soil is expressed in terms ofa length of ninety-six units. Unlike the Georgics 
of Virgil which may have been intended to help persuade those yeomen farmers 
who had not yet been put out of business by the slave-manned latifundia of Italy 
that they were on to a good thing, this ‘Ti Yuan’ chapter was perhaps designed for 
officials whose task was to assess the productivity of the land with a view to taxing 
it, or possibly, in times of benevolent rule, to avoid overtaxing peasants whose crops 
could not possibly meet their obligations. ®? 

lfa tax official is to make a fair assessment, he must be quite sure what the land 
is capable of. If not much of a practical farmer himself he would need some clear 
guidelines to go by, in helping him to assess the land. The “Ti Ytian’ gives him ten 
such indications. Some of these are very sensible. For example, there is in some cases 
the colour of the earth itself as shown by the name. There is red ‘u 48° soil, yellow 
‘thang AR soil, and black ‘chvh $4’ soil.®? Another excellent way of recognising soil 
types is by noting what plants grow on it. But if a man is not a botanist he will be 
confused by too much detail or profusion. The ‘Ti Yiian’ therefore selects just one or 
two ‘grassy plants’ (¢shao #), and one or two trees for each type of soil, plants which 
would in those days have been easily identifiable, such as thatch grass or the jujube 
tree, which grow more readily on one type of soil than another. The ‘Ti Yiian’ 
also indicates what are the staple crops which grow well and can he expected to 
bring in the revenue, and sometimes indicates other sources of profit. There is also 


a brief description of the people living on the different soils, summing up their chief 


characteristic. such as ‘sturdy’, ‘long-lived’, and in two cases ‘wandering’, meaning 
perhaps that the people living on the poorer soils were obliged to follow shifting 
cultivation, getting only a few crops of millet from the same place before moving 
on. There is no comment on the people living in the swampy land where rice was 
grown, but the text has suffered in several places. Six rows in the check list (fable 1), 
however, still remain to be considered, and these are of great interest, for they are 


80 SCC, vol. 6, pt. 1, p. 49- 8! The phrase is we shu Ha &. 
® See SCC, vol. 6, pt. 1, p- 93, which in this cennection cites the Chow Li, ch. 4, p. 34b (ch. 16); tr auct, ad juv: 
Biot (1851), vol. 1, pp. 368 I. 
83 For further details of the five soils, Asi thu & +, chhih lu at HH, huang thang% Æ, chhih chih RI and hei chih B 3K, 
see SCC, vol. 6, pt. 1, pp. 49 f. 
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all to do with water. Any form of precipitation in North China is of importance. If 
there is no snow and the rains fail, the level of the water-table is of vital importance, 
and so also is the purity or degree of salination or alkaline content of the water. 

When the number of items of information, or of species and varieties, is very large, 
they can be systematised in one of two ways. If the main aim is to create a finding- 
system, items can be pigeon-holed with the help of a system of co-ordinates. If the 
main aim is to place an item in a network, in such a way that its connections and 
relationships with other items in a system, and with other systenis, become clear, then 
it must be classified in a hierarchic or dendritic system, its position being decided 
as accurately as possible by a close study of its every detail. There are, however, 
drawbacks to both of these devices. 

If a pigeon-holing system is used, one or both of the parameters may consist of 
artificially selected criteria, and a particular item may not properly fit into any 
of the available pigeon-holes. Alternatively it may fit so many as to render the 
system useless as a finding device. With the dendritic system, on the other hand, 
the main drawback is that any system of classification arrived at must be regarded 
as provisional. Incleed, all science is provisional, and nowhere is this more appar- 
ent than in zoology where classificatory systems are continually being eroded or 
transformed.** Moreover, when a system has been so perfected as to appear rela- 
tively permanent, the complexity resulting from amassed detail is likely to hinder 
universal intelligibility, that vital ingredient in social stability, of which Marcel Granet 
said, when discussing the Chinese conception of Order and Peace: ‘In all the Schools 


we find the idea . .. that there is no difference between the principle of universal 
good understanding and that of universal intelligibility. . . . All authority rests on 
Reason.’®° 


The supreme example of the pigeon-holing system is the J Ching? which we have 
described as a Universal Concept Repository and as the Administrative Approach’ 
to natural phenomena. We have already drawn attention to its deadening effect on 
scientific enquiry, quoting the passage where blood is pigeon-holed under the twenty- 
ninth hexagram.*’ This hexagram is one of the sixty-four criteria which form one 
of the axes of the device, and represents the abstract concept of flowing motion, with 
which are arbitrarily correlated other things such as being blood-red in colour. If an 
item is pigeon-holed under No. 29, it must then inevitably be blood-red, and there 
is therefore no need for further enquiry into blood’s redness or its causes. At the 
same time it must be admitted that the damage is done not by the criteria as such, 
though they may not always have been well chosen, but by the qualities, properties 
and phenomena with which they were correlated not on scientific grounds but on 
those of sympathetic magic, similarity or even sheer whimsy. 


%1 ‘Finally, itshould be emphasised that classilication schemes are simply cataloguing systems, devised byscicntists 
to help them in their work. A classification therefore does not constitute proofof relationships between organisms, 
nor does it necessarily indicate a pathway of evolution, although classifications provide a conceptual framework 
for the discussion of these matters.’ Friday and Ingram (1985), ‘A Classification of Living Organisms’, p. 397. 

85 Granet (1934), p- 591. 86 SCC, vol. 2, p. 304. 7 SCC, vol. 2, p. 334. 
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‘There is much scope for classifying information by co-ordinates, and if the aim of 
the Z Ching had been simply to introduce order into the bewildering world of natural 
phenomena through classification, it would have served a useful purpose for a time, 
as did the artificial classificatory system of Linnaeus. Though the criteria chosen 
would not seem to be ideal for classifying things, i.e. objects, artefacts and products, 
it must be remembered that its original purpose was by divination to introduce order 
and decision into the world of apparently random human events. Once the / Ching 
was used for more than classification, and attempted to indicate connections between 
events, past and future, it ceased to be of possible benefit to science. 

The actual mechanism of the / Ching system of classification was extremely simple. 
One may visualise it as an oblong nest of boxes. Along the top, which forms one of 
the axes, are the names of the hexagrams, the sixty-four kua $h. Vertically down one 
side are the categories into which the ‘ten thousand things’ may be grouped. When 
one of the ten thousand things comes up for classification it must first be allotted as 
accurately as possible to its group, and then, as accurately as the information available 
allows, to one of the sixty-four kua, and so to its pigeon-hole. Once in its pigeon-hole 
it was allowed — and this was the fatal error — to acquire the characteristics of its 
kua. So blood, on being inserted in the pigeon-hole under kua No. 29, acquired the 
characteristics of redness, of flowing motion, of the dangers associated with torrents of 
water, of the edges of ravines and of danger in general and the reaction to it, regardless 
of the fact that it was because it had clearly got some of these characteristics, and 
could easily be associated with others, that it had been allotted to pigeon-hole No. 28 
in the first place. The complexity of the Z Chang system arose from the difficulty in 
deciding into which category and pigeon-hole a thing should first be posted. Here 
the divinatory process played its part. Once categorisation had been achieved there 
was little incentive to ask difficult questions which might lead to its being taken out 
for reclassification. 


(ii) Shao Yung’s contribution to classification 


It is clear that the diviners who first created the / Ching did not intend it primarily 
as a scheme of universal classification. In the work of Shao Yung 283 (1011-1077), 
however, we find a deliberate attempt to create such a scheme. 

‘To appreciate Shao Yung’s work, it must be borne in mind that he broke away 
from the theory of the Five ‘Elements’ (ew hsing £ 47), and developed a new one based 
on fours, or rather, on mathematics of a simple sort, that of the / Ching, in which 
one is divided into two, two into four, four into eight, and so on, up to sixty-four, 
the total number of hexagrams (kua $p). It must also be remembered that in his view 
of nature he was not dealing with inert particles which can be isolated, but with a 
vibrating interacting network in continual movement, from Yang to Yin and back 
again to Yang, changing as regularly as the full moon ebbs to new moon and back 
again to full. It is better, therefore, not to tabulate Shao Yung’s ideas in static lists. 
If they are to be represented diagrammatically, the diagram must embrace the idea 
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of motion and rest. This is to be represented in Figure 16 by the sinuous dark line 
emanating from the Ultimate Void, the Thai Chi & fp, passing by way of Heaven and 
Earth through all the manifestations of the Tao in Time. What he gives us, however, 
is not a cosrnogonic history, nor a proto-evolutionary theory, but a number of charts 
embodying a system of classification of far greater sensitivity than that of the old 
pigcon-holing system of the Z Ching.®” 

The terms which appear on this diagram are those which Shao Yung selected 
in order that the ‘the myriad things’ might be classified under new principles. His 
hope was evidently that if the right criteria are selected as co-ordinates, and they 
are permutated to exhaustion, an appropriate pigeon-hole will be found fer every 
item. But how to select them, and how to permutate them? It is obvious that the 
world does not consist of simple mixtures — fire with earth, with stone, or with water, 
for example. In any mixture the proportions are important. In allowing for this the 
Yin-Yang theory would be a help, for the proportions of the Yin in the Yang, or of 
the Yang in the Yin were held to be continually varying. If creatures or plants were 
influenced by the Yang or the Yin when they came into being, one would expect to 
find them ranged in a series of infinite subtlety. 

First, therefore, following the indications of the Z Ching, from the unknowable Tao 
he derived two primary manifestations, motion (ung) and rest (ching ##). Heaven was 
born of movement, and Earth of repose or rest.’® This is a considerable advance on 
the more primitive statement put forward in the Tao Te Ching some fourteen centuries 
before: ‘It was from the Nameless that Heaven and Earth sprang’.*! In the heavens, 
or rather, in Heaven, motion and rest manifest themselves as the Yang and the Yin 
influence. Both Yang and Yin according to Shao Yung are motion, and at the apogee 
the motion becomes extreme. When, however, they are united, harmonised or in 
balance, motion gives way to rest, and the union of these two forces enriches the 
world. The motion of the Yin-Yang forces is therefore visualised as in clear contrast 
to the motion of a pendulum where motion is swiftest at the nadir of its swing, and 
the briefest instant of repose is found only at the two extremities. On Earth motion 
and rest are manifested not by the Yang and the Yin influence, but by the Aang fl 
and the Jou #, the Hard and the Soft, which we may term Durity and Lenity. These 


88 See SCC, vol. 4, pt. 1, pp- 8-10, lor the relationship of cyclical and wave conceptions, and Chinese views on 


periodic phenomena in Nature, due to resistances which act on matter in a state of change. 

89 Wyatt (1996), p- 243, whose work appeared one year after Joseph Necdham’s death, denies that Shao Yung 
could have been developing an ‘all-encompassing cxplanatory theory’. [Ed.] 

° Shao Yung’s work consisted partly of narrative works and partly of uncxplained charts and diagrams, which 
are however preserved with explanations in the work of Tshai Chhen #7 (1167-1230) entitled Ching Shih Chih lae 
$ #452, ‘Important Principles in the Cosmological Chronology’. Shao Yung does, however, explain his theories 
in that part of the Huang Chi Ching Shih Shu (ch. 5) entitled Kuan His 4), ‘@bservation of Things’. Parts of this are 
translated by Feng Yu-Lan (1953), vol. II. pp. 455 ff, and the above paragraphs are derived from the Avan Wh (nei 
phien), ch. 1, lol. 2a [T. m Muang Chi Ching Shih Shu, ch. 3, which is found in abridged form in Hsing Li Ta Chluian Shu 
EKE (ch. g). It is interesting to contrast the views of Shao Yung with those of Copernicus (1473-1543) some 
four centuries later. Copernicus held that ‘the condition of being at restis considered as nobler and more divine than 
that of change and inconsistency; the latter therefore is more suited to the carth than to the universe’. De revelutionibus 
orbium ceelestum, 1,1, Cap. VILL 

9L Jao Te Ching, ch. 1, tr. Waley (1934), p- 141- 
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two entities were newly introduced to Chinese natural philosophy by Shao Yung."? 
‘The Yin and the Yang influence all that is on Earth. All that is on Earth responds to 
this influence by manifesting durity or lenity in a greater or lesser degree. 

It can scarcely be disputed that heavenly forces such as sunlight do have an in- 
fluence on creatures which are on the surface of the Earth, such as crocodiles and 


Jellyfish, which manifest varying degrees of durity and lenity. The question may then 


arise why the jellyfish, when washed up into the full glare of the sun, should de- 
hydrate, while the crocodile, emerging from the cold water, enjoys the heat. Before 
any theory of evolution had arisen, there were only two possible answers — either 
that someone in His wisdom had made the creatures that way, or if, as in China, 
there was no known Creator, then because the materials composing each body were 
different or because their proportions varied. But why should they vary? Thinkers 
in China could scarcely avoid trying to discover what it was that apparently influ- 
enced the proportionate mixtures in different bodies. But in attempting to answer 
this question, it was necessary to enquire how exactly such influencing was done. In 
modern parlance, where Heaven and Earth meet, what happens at the interface? 

In the West this problem of interface was dealt with for a time by the linguistic 
device of personification. If the Creator wishes something to be done, he sends a 
message, which can be read in the livers of animals, for example, or the fight of birds, 
or be delivered by an angelos or diviner, or by the prophet who reads God’s message 
and announces it. Later, when Heaven had acquired an adequate bureaucracy, the 
mortal message-reader was superseded by a heavenly messenger or angel. In China, 
on the other hand, as there was no Creator there could be no messenger. Activity 
at the interface was therefore explained in terms of Mu Hsing R47 or Five Avenues 
or passage-ways up and down between Heaven and Earth, the five ways in which 
Heaven influences things on Earth, by descending and soaking (water), by ascending 
and burning (fire), by submitting to cutting and accepting form (wood), by moulding 
or remoulding (metal), or by growth and the production of vegetation (earth).°? For 
Shao Yung this ancient explanation was no longer adequate. 

His new system may now be considered, guided by Figure 16. When Heaven’s 
influence is Yang in its most extreme form, it is manifested by the Sun. In diluted 
form it is manifested in the Stars. There can be no objection to classifying both stars 
and sun as Yang, for stars are in fact suns, and Shao Yung in the +11th century was 
not to know that some stars are even larger and more intensely hot than our sun. 
When Heaven’s influence is Yin in its most extreme form, it is manifested in the 


9 "This point was made in a briefestimate of Shao Yung’s work in SCC. vol. 2. p. 455- 

93 Nevertheless this carly theory compares rather favourably with Kepler's ‘explanation’ of heavenly influences, 
that ‘the sun represents the Father; the sphere of the fixed stars, the Son; the invisible forces which, emanating from 
the Father, act through interstellar space, represent the Holy Ghost. 

Koestler (1960), p. Go, conveniemly summarises this as: ‘the Sun carries the image [cf. Asiang & manifestation] of 
God the Father and Creator. . .’. Wa Hsing is translated in many different ways by different authors into English, 
for example, modes, phases, ctc. Here we veuture to speak of avenues’, for the word Asing suggests mevement along a 
path, but usually in these volumes we have retained the tracliional though misleading word element, but in inverted 
commas. See SCC, vol. 2, p. 243, and Needham & Lu (1975). p. 498. where we suggest ‘elemental methistemes’ for 
use m some contents. 
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Moon. In diluted form itis manifested in the Planets. There can also be no objection 
to classifying both moon and planets as Yin, for they are all either cold or cooling 
worlds, As little was known about the nature of the stars and planets at the time, 
however, Shao Yung was, perhaps, lucky in his classification here. 

Sun, Stars, Planets and Moon are termed the Four Manifestations, ssu hszang p &. 
They do not, of course, ‘exhaust’ (chin Æ) Heaven’s possibilities, for no mention is 
made of such phenomena as comets or meteorites, but they provide co-ordinates for 
classification. A comet would certainly be Yang, exhaling fire, and could be placed 
midway between the Sun and the Stars. A meteorite might be a body in transition 
from Yang to Yin, beginning hot and ending cold. 

Whereas the dominant principle of Heaven is motion expressing itself as the Yin 
and the Yang, the dominant principle of Earth is rest, expressing itself as durity and 
lenity,”! which is perhaps to be thought of as concretion and dispersal, chi 3% and 
san $k, since that which is concreted becomes hard, and that which is dispersed like 
earthy particles forming mud, becomes soft. When each of the four manifestations of 
Heaven, the Sun, Moon, Planets and Stars, influence Earth, there is a reaction. The 
Sun, for example, when concentrated into the utmost durity, produces fire. This may 
be seen to occur when the sun’s rays are focused by a burning glass. Fire, in Shao 
Yung’s view, before telescopes had revealed the existence of flames on the surface of 
the sun, was a physical embodiment of the Yang. It may seem strange that stone, 
which is often so hard, should have appeared to Shao Yung to have less durity than 
fire, but when one recalls that fire in the heart of volcanoes renders stone so soft as 
to be liquid, his reasoning is clear. 

The four terms at Earth level, which relate themselves to the Four Manifestations 
of Heaven, are a goodexample of how, in Shao Yung’s thinking, natural phenomena 
should be classified not in rigid boxes but on a scale shading from one extreme to 
another. When sufficient Yin influence has entered fire to enable liquefaction to 
begin, one enters the area of stone. Stone covers a wide range of minerals from the 
hardest granite to the softest chalk, and merges imperceptibly through aggregates 
and clays to earths, muds, silts and waters. The fecling of the inter-relatedness of all 
phenomena comes over strongly in Shao Yung’s schematisation. For example, the 
moon which influences the tides, is placed in direct correspondence with water. Water 
when heated becomes vapour and expands. But when the Yin influence returns it 
becomes cold, condenses, and, in the world at large, falls to earth as rain,” Moon 
water — cold ~ rain is thus the beginning of a vertical classification under the concept 
of maximum Yin influence, maximum softness. There is, however, also a horizontal 
classification of what may be regarded as the key components of Heaven and Earth. 

Sun, Stars, Earth (or soil”), and Water he calls the Four Embodiments (ssw thi 08%). 
‘When hard and soft blend (or permutate) (chiao X ), they give bodily form to all that 
is useful on earth.” 


91 Ruan Wa (nei phien), 1, taf © For the water-cycle in Chinese thought see SCC, vol. 3, pp. 467 fl. 
% Earth, if contrasted to Heaven, is #48 in Chinese, but in contrast to stone or water is thu +. 
9 Kuan We (nei phien), 1, 2a. 
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These Four Embodiments are reminiscent of some of the ancient ‘Five Elements’. 
Metal and wood are missing, but stone has been added. We are not, however, dealing 
with the five ancient avenues at the interface, but something nearer to what the 
elements meant in the West. Fire, stone, earth and water were seen as materials 
capable of aggregation and dispersal, contraction and expansion, and from their 
blendings and permutations other ‘bodies’ could come. Shao Yung explains that 
metal is not a primary body. It comes from stene, ‘chin chhu yii shih A HHA R, and 
wood is not primary, for it comes from earth, ‘mu chhu yii thu HAS +’, as in the sense 
that vegetation grows out of the soil. 

He offers us, therefore, four elemental! materials or ‘bodies’, fre, stone, earth 
and water, and suggests that the formation of the world came out of the blending 
of contraries, the Yang with the Yin, water reacting to the planets.°? The original 
body, fen thi Æ% #¥, that is to say, the first materialisation of all this cosmic energy, 
was hydrotic fire, shut huo 7k K, and geotic fire, thu huo + K. Hydrotic fire we may 
visualise as igneous streams running as freely as water. Geotic fire, being less ‘soft’, 
we may imagine as grinding walls of lava. Yet though Shao Yung has introduced 
us to elemental forces which have much in common with the ideas of such Ionian 
philosophers as Thales and Heraclitus, he can still not abandon the ancient five 
avenues or modes of action at the interface.'°” They are, as they had always been 
in China, fire, water, earth, wood and metal. They arc at this level considered to be 
secondary bodies, whereas fire, stone, earth and water at the higher level are primary 
bodies, from which wood and metal were generated. The result is that Shao Yung 
avoids alienating conservative or traditionalist thinkers of his day, but ends up with 
a stock of six rather than five elemental materials from which the Myriad Things 
may be generated by permutations, of which three, fire, water and earth, occur in 
two modes, the ‘before Heaven’ (Asien then 56K) mode as primeval materials, and the 
‘after Heaven’ (how thien 4% R} mode, in which they are ‘avenues at the interface’ and 
as Shao Yung says, !*! ‘for use’ (chih yung 3 HJ). The traditional five — fire, water, earth, 
metal and wood — together with Shao Yung’s addition of stone, make six materials 
to aid in classification. 

It would be fascinating to describe Shao Yung’s cosmological ideas in some detail. 
Here we can only suggest the main thrust of this strange work. Shao Yung apparently 
sought to show that the whole world is a unity reducible to a few main principles 
which are manifestations of one sublime principle — the Tao. To ‘exhaust the Tao’ 
by giving details of every conceivable permutation and physical operation would be 
an impossible task. Shao Yung therefore produced a bare skeleton of permutations 
with very few examples to flesh it out. Yet his is more than a work of mere numerol- 
ogy. There is a strange groping attempt to quantify — not, as was done in Europe 
from the 17th century onwards, by measurement, but by starting from some a priori 
preconception. Yet it was a form of quantification nevertheless. 


98 Kuan Vu (nei phien), 1, 4a. 9 Ibid. 
109 ‘How could one consider that I omitted the “Five Avenues” and did not use them?’ Awan Wu (nei phien), 1, 4a. 
10l Thid 
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Table IL. Shao Yung’s Quantification of the Myriad Things 





volitic flighter c.g, an albatross) 1,000,000 units 
repetic flighter e.g., an ostrich) 100,000 
dendritic flighter (c.g., a tree-creeper) 10,000 
herbaric flighter  (e.g., a bumble-bee) 1,000 


volitic goer e.g., a flying fish) 100,000 
repetic gocr .g., an elephant) 10,000 
dendritic goer c.g., a sloth) 1,000 
herbaric geer .g., a harvest mouse) 100 





volitic tree .g., a sycamore seed) 
repetic tree g., a mangrove) 
dendritic tree g., a giant redwood) 
herbaric tree .g., a tree-fern) 


volitic herb e.g., a dandelion seed) 
repetic herb .g., a Mimosa pudica) 
dendritic herb .g., a bamboo) 
herbaric herb 














Starting from the numerological association of numbers with the ‘elements’ and so 
on, he is able to quantify all living things according to a scale of values. (See Table IT. 
The permutations of things volitic, repetic, dendritic and herbaric will be described 
below. Thus creatures which are most at home in flight, the ‘volitic flighters’ (fer-fet 
RI), are rated at | in 1, or 100 per cent. This may conveniently be expressed as 
1,000,000 units of worth or merit of some sort, perhaps because that which is most 
influenced by the Yang is most appreciated, or because they must struggle against 
the force of gravity to remain up, whereas Yin creatures are sustained on land or in 
the water. Earth-bound flighters are rated at only 100,000 units, as are the wingless 
creatures which have nevertheless, after a fashion, taken to the air. So it goes down 
the scale. 

Table II is derived from Shao Yung’s Muang Chi Ching Shih Shu Ẹ tip RE tH 2 pre- 
served in the Hsing Li Ta Chhuian Shu Y£ #2 K 4 ®, ch. 10, fol. 30 ff. The examples we 
olfer in Table 1] are, however, conjectural, since Shao Yung offers few himself— horses 
and dragons as volitic goers, and chickens and ducks as repetic flighters. 

From this sort of evaluation it is only a short step to the evaluation of people. 
where naturally scholars are rated highest, while those who indulge in commerce 
come lowest in the human scale, Ultimately everything can be classified and all the 
Myriad ‘Things can be quantified. !?? Our aim is now to show how he designed his 
system by which the Myriad Thingsmight be described and classified. In the topmost 


102 For details of this statistical approach see Hsing Li Ta Chhtian Shu, ch. 10, fol. go T. [Don J. Wyatt’s The Recluse 


of Loyang, 1996, was not available to Needham, but may now be consulted. See pp. 97 fF. for Shao Yung’s usc of 
Number. Ed.| 
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level of the system illustrated in Figure 16 henamed eight essential components, sun, 
fire, stars, stone, planets, earth, moon, water. T'he aim of the second level is to show 
how the heavenly powers change and blend, and how Earth reacts and adapts to 
these changes. The sun rises and sets, the moon goes through its phases, the stars 
come out at night and disappear by day, the planets wander through the sky on their 
courses. The changes in the sun are expressed as Heat which varies from winter 
to summer; in the moon as Cold, which is greater in winter than in summer, and 
most noticeably at night; in the stars and the planets which between them indicate 
the alteration of night and day, stars, being Yang, indicating Day, and planets, being 
Yin, indicating Night. At the second level there are therefore four more influences to 
operate on the ten thousand things. Is it any wonder, they might well have remarked, 
that moon-flowers open at night, whereas the morning-glory is open by day? Such 
an attitude is understandable, but it does not lead to modern science. 

The four terms representing Heaven’s changes also form a scale from hot to 
cold. Between day and night comes the period of near equilibrium where light 
and darkness, heat and cold are in balance, the twilight times. Corresponding to 
them comes another curious scale, that of the Earth’s responses. In hot countries 
the coldness of rain is particularly striking. If it falls from a height of 3,000 feet, it 
will usually be some 10°F (6°C) colder than the air at ground level. Rain is therefore 
classified under water at the Yin end of the scale. Dew comes next. It does not appear 
until the temperature has droppecl sufficiently to promote precipitation, and this is 
unlikely to occur until night comes. Dew, being cool, is therefore classified with night 
under the term earth, for it is on the earth’s surface that it is detected. Following the 
diagram’s stony path, things watery are now left behind, and things fiery return. 

It may not be immediately obvious why wind should be classified under heat and 
fire. Yet on reflection even the flame ofa lamp produces a small wind above it. A large 
fire sucks in a strong current of air, and a hot desert produces dust-laden whirlwinds. 
All winds are of course produced by the action of the sun in heating parts of the 
atmosphere irregularly, though Shao Yung was not, perhaps, aware of this. Thunder 
is, meanwhile, classified like dew at one of the intermediate positions, for as dew is 
precipitated when there is a drop in the temperature of moist air, so thunderstorms 
occur where air with high moisture content is swept upward with ‘a strong vertical 
lapse rate of temperature. . . . Thunderstorms over land are . . . most frequent in 
the afternoon and in the warmer seasons of the year.’!®? It is appropriate, then, 
that thunder should be classified in an intermediate position between hot winds and 
cold rain. When rain falls, the ‘shattering of large drops produces ionization and 
separation of electrical charges between drops and air, so that it is thought to be the 
process (or one of the processes) whereby the electrical charges in thunderclouds are 
built up’.!"* It would, of course, be absurd to attribute to Shao Yung an understanding 
of phenomena which was impossible in his day. But he may claim to have used such 
knowledge as was available to him to such good effect in the rational grouping of 


103 Tamb (1972). vol. 1, p. 380. I" Tbid., p. 353- 
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phenomena that much ofitstill makes sense today, and it enabled scientific thinking in 
China to advance afurther stage in the classification ofphenomena. Naturallyparts of 
his schematisation no longer carry conviction. It mayseem odd today that while rain 
was very reasonably classified under water, thunder should be classified under stone. 
But when one recalls Shakespeare’s Cassius declaring that he has bar'd his bosom to 
the thunder stone,!”° one is swiftly back in the centuries when men were not clear 
whether ‘thunderbolts’ caused thunder, were caused by thunder, or merely happened 
on occasion to accompany thunder or to make a noise in falling like thunder. !"° 

The third level indicates how Heaven influences living things by endowing them 
with Natures (hsing }4), Form (Asing F%), Bodies (thi 8#) and ‘Sensitivities’ (chhing t#). 
and how living things respond to these influences and adapt to their environment. It 
is at this level that biological classification begins, and Shao Yung’s approach to the 
problem is of extraordinary interest. The battle over the fixity of species never had 
to be fought in China. The vegetable world was distinguished from the animal world 
not by a sharp division, not by an Aristotelian dichotomy, but once again along a 
scale in which one type merges into another almost imperceptibly. In such a system 
carnivorous plants and rooted animals are immediately at home. 

‘The vegetable world is, as it were, ‘defined’ in the traditional way by the ‘synthesis 
of opposed concepts’, by using as a compound the two terms mu ZX, trees, and tshao 
#, herbs and grasses, which, ever since the days of the Zirh Ja H J (-3rd century 
had subsumed the world of plants. When Shao Yung speaks of ‘lrees-and-Grasses 
one must visualise a scale in which the tallest trees, shown in Figure 16 on the Yang 
side, are reaching up for the light, the sort of trees which by their very size and height 
invite the ‘thunder stone’, and so by infinite gradations to the Yin side of the diagram 
where the lowliest types of herbs and lichens creep on the earth’s face, luxuriating in 
the coolness and the deep shade. 

Even more arresting is Shao Yung’s manner of dealing with the animal kingdom. 
In the Ærh Ya itself there were already several categories into which animals were 
divided, and subsequent centuries had increased their number. But Shao Yung at 
this point has only two. One would expect to find at least four — beasts, birds, fish and 
insects — but Shao Yung uses only two categories, for which it is difficult to find any 
term in English. One might call them ‘flighters’ and ‘goers’, but unfortunately it is 
possible to go through the air as well as through water and over or under ground. The 
Chinese terms are fei Jẹ and tsou ¢. Fer covers all types of lecomotion through the air, 
tsou, Which we translate ‘go’ for lack of a better term, covers all types of locomotion 
on or under the surface ofland or water. Itis very logical not to make any distinction 
between swimmers and walkers, for swimming is for many animals merely walking 
in the water. A horse, for example, continues to walk ull it reaches the other side of 
a river, and a snake crosses water in the same way as it crosses land, while an eel 
crosses land just as it swims through water. Moreover, certain fish which have fins 


05 William Shakespearc, Julius Caesar, I, 3. 
106 Shakespeare’s contemporary Li Shih-Chen was also still not clear about the relationship between stone and 
thunder, for he wrete, ‘When thunder or thunderbolts turn to stones, there is a transformation of the formless into 
that which has form... .”. Pen Tshao Aang Mu, ch. 8, preface. See SCC, vol. 3, p. 637. 
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also ‘walk’ through grass to reach desired ponds. This is an excellent example of 
Chinese being able to cope with high levels of generalisation where sometimes Indo- 
European languages are over-specific. The salient fact, however, is that no creature 
can fly without wings or special surfaces to carry it on the air. A crab can go on its 
legs under the water as well as on dry land, but it cannot fly. A fish can ‘fly’ only 
when it has a planing surface or membranous fins sufficiently large and efficient to 
sustain it in the air. Animals which go about on legs can be regarded as volitic when 
they have membranes between their limbs to support them in flight. Shao Yung 
avoids the tedious linguistic questions which bedevil Greek biology, such as ‘When 
is a limb not a linib? or ‘Is a claw the analogue of a hand?’ — questions which could 
not be answered until phylogenetic classification had made considerable progress. 
He asks a different question, ‘Does it fly?’ or rather, ‘Does it have flight?’, for certain 
things such as seeds can be in flight though they themselves cannot fly. And we see 
very clearly the inter-connections of Chinese scientific thinking, for not only does the 
vegetable kingdom form a developmental scale, but the animal kingdom does also, 
and there is no sharp dividing line between them. Some members of the vegetable 
kingdom may begin with flight in seeds and spores, and end up by being rooted, just 
as some insects may begin as ‘goers’ when feeding on a leaf, and end up in flight. 
One may begin with the most pedestrian of animals, heavy ones such as elephants on 
land, and hippopotami which rejoice in water. By reason of weight they will always 
be goers and never flighters. Proceeding towards the Yang one meets goers which 
are light of body and fleet of foot, such as gazelles, but though they travel fast, they 
no more fly than such birds as ostriches. The horse, however, is rather surprisingly 
said to be a volitic goer, for it ‘flies’ across the ground; the man on its back is perhaps 
near to flying. The dragon is also volitic, for, as is well known, the Chinese dragon 
soars into the clouds! !®” Still on the Yin side of the equilibrium line but rather nearer 
the Yang, one would encounter, we imagine, goers capable of real flight, such as 
flying squirrels, associated with trees, to which they have reacted by obtaining height 
for the downward swoop. Fish with limited powers of flight, such as the giant ray, 
will also find their place at some point on the scale. Then, trespassers across the line 
of equilibrium, one meets going-flighters; Shao Yung instances chickens and ducks, 
which are Yang modified by Yin. To these we may add other creatures like ostriches 
and emus, which rely on leg-power for their locomotion, though their wings can still 
be flapped. There are some creatures like the (zlytrotter which deserve to be placed on 
the very point of equilibrium, for they are equally well adapted to locomotion in the 
water, on its surface, on land, or in the air. Birds and insects continue on the other 
side of the equilibrium line towards the Yang end of the scale, spending more and 
more time in the air, till, with the albatross one encounters a creature which is an 
almost 100 per cent flighter. 

Shao Yung obtains terms for the main divisions of the scale by combining them. 
Thus we get ‘herbing-goers’ (tsou chih tshao % ZH), ‘treeing-goers’ (tsou chih mu 


# Z A), ‘going-goers’ (tsou chth tsou ~ Z #) and ‘flighting-goers’ (tsou chih fei ž Z FR), 


107 Shao Yung, Aunan Wu (wai phien, B), fol. 4a, in Hsing Li Ta Chhiian Shu, ch. 12. 
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and so on, permutating all the other classes.'°® Such permutations may be set out 
in a table (see Table II). But since they stand for categories of Plant-Animals not 
conceptualised in the West, one is handicapped in inventing terms for them, and 
literal translations such as Trecing-Goers or Flighting-Flighters are almost mean- 
ingless. But it is convenient to use, as adjectival forms for each, the words herbaric, 
dendritic, repetic, and volitic as in SCC, Volume. 6, part 1. ©’ 

As Shao Yung gave so few examples to illustrate his schema, it has been found 
helpful to cut across the genera and specics of modern classification. For example, 
under ‘dendritic-goers’ one might classify certain types of monkey and sloth which 
spend their lives in trees, and also those coelenterate polyps which build the coral 
branches they have spent their lives in. (Table II.) Some of the categories resulting 
from the permutation of the terms may have no claimant in the world we know. But 
their spaces are quickly filled by the writers of science-fiction. Trees, for example. 
are capable of undulatory movement, but not — once rooted — of locomotion, other 
than by slow distribution of their kind over many generations. But fiction writers 
have not been slow to visualise the menace of a form of plant life capable of swift 
movement and action.''!® Again, the only completely ‘volitic-flighters’, that is to say, 
creatures which are airborne all their lives, are perhaps certain types of bacteria and 
viruses floating through the air on particles of dust. The albatross has been included 
in Table I] as a volitic flighter, though this ‘prince des nuées’ when not on the wing, 
must, nevertheless, hobble like a cripple. !!! 

Because we are now accustomed to a post-Theory of Evolution mode of thinking. 
the speculations of Shao Yung have a quaintly medieval air. But in the +11th century 
no one anywhere had a properly global view of the world, and even of that part of the 
world where he lived he had only a small fraction of the knowledge which we now 
possess. To sce Shao Yung’s achievement in perspective, we need only take a world 
which is equally unknown to us, and consider how we would set about organising our 
ideas about it. Clearly what is wanted is a grid which sets things in broad categories, 
as has been suggested by Carl Sagan in his imaginary description of ‘life’ on Jupiter 
sustained by ‘sinkers’, ‘floaters’ and ‘hunters’ in the upper atmosphere of that giant 
gas planet. !!? 

The sixtcen classes formed by permutating the four third-level categories which 
represent Earth’s adaptation to the influences of Heaven obviously require further 
subdivision. It is part of Shao Yung’s system that lower-level entities can be qualified 
or modified by higher-level entities. For example, clouds are a phenomenon which 
may be classified as of the second level at a certain point between Thunder and 
Rain. But there are many different sorts of clouds. Shao Yung makes sub-classes 
by modifying them with the first-level concepts of Fire, Stone, Earth and Water, 


108 Kuan Wa (nei phien), 1. in Hsing | Li Ta Chkiian Shu. ch. 9, pp. 8b-ga. 

109 SCC, wol. 6, pt. 1, p- 307- As, for example, in The Day of the Triffids by John Wyndham (1950. 

II “Le poète est semblable au prince des nuées / Qui hante la tempete et se rit de P archer, / Exilé sur le sol au 
milieu des huċes / Ses ailcs de géant Pempechent de marcher? Charles Baudelaire (1821-67), 'L`Albatros’. 

112 Sagan (1980), pp. 40-1. 
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distinguishable also by their colour, i.e. igneitic clouds which are red; lapidic clouds 
which are white; geotic clouds which are yellow, and hydrotic clouds which are black. 
It is true that thunder clouds threatening rain are dark blue-black, and that sunset 
clouds in the aftermath of volcanic cruptionsare often brilliantly red, but the lapidic 
and gcotic clouds seem less happy, and could not hope for a very long scientific 
future. !!3 

It is, however, very clear that Shao Yung’s compound terms require further defi- 
nition in order that they may be logically or systematically subdivided. His trouble is 
linguistic. When two nouns forma compound, the first qualifying the second, the real 
nature of their relationship is concealed. This frequently occurs in English also. For 
example, the compound terms dog-ape, dog-cart, dog-fox, dog-kennel and dog-skin conceal 
completely different relationships between the noun dog and the second noun which 
follows, namely: 
an ape with a head resembling that of a dog 
a cart normally pulled by a dog 
a fox with the sex not of a bitch but of a dog 
a house made specially for a dog 
a leather made from the skin of a dog. 

So with Shao Yung’s compounds we cannot always be certain what relationship is 
intended. When, for example, the word fei # forms the first element in a compound, 
it may mean that the qualified noun: 


(a) spends much time in flight; 
(b) has limited power of flight, 
(c) has seeds which fly. 


But sometimes each qualifying noun may offer a choice of interpretations as when 
the word tee qualifying a ‘fighter’ may mean not only that the ‘flighter’ spends much 
time up a tree, as does the hornbill, the female being completely walled up inside a 
hollow tree when nesting, but it may derive certain characteristics from a tree, as with 
the tree-creeper, which is perfectly camouflaged against its trunk, closely resembling 
the bark. Resemblance itself may occur in many ways. It may be resemblance in 
form, in texture, in colour or camouflage, and so on. 

It would seem that Shao Yung believed that things in a group share the charac- 
teristics of that group simply by being in that group. ‘This is the reasoning of the / 
Clang, and as Shao Yung had been immersed in the study of the Z Ching from an early 
age, it is not unlikely that he had failed to clarify the functions of the members of the 
groups. For example, he says that beasts born in the grassland have hair like stalks 
of grass (tshao fu chih shou # 4K 2 8). This would be a good description of the shaggy 
hair of the bison, and for people accustomed to the fineness of silk, even wool must 
have seemed as coarse as grass. Nevertheless it does not appear that he believed that 
this coarseness was due to the animals’ eating grass, but simply that being in that 


U3 Kuan Wu (wai phien shang) in Asing Li Ta Chhiian Shu, ch. 11, fol. 51b. 
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category caused it to be thus, le shih chih jan yeh #8 46 Z 4% 4b.''* On the other hand 
he may have wished to distinguish the influence of environment from heredity. The 
species (or as we should say now, the gene pool) causes it to be thus. 

Shao Yung seems to have been aware that there was a need for an improved system 
of classification. This might mean subverting the ancient system by the creation 
of new categories of thought; to make these new categories it was necessary to 
understand, or at least to have a theory about how the items which composed them 
had come into existence — an early groping towards a phylogenetic system. Once 
the principles on which the creation of a class is based are understood, it is possible 
to subdivide each class according to those principles, and so to elaborate a system. 
But inevitably there are at first errors and misconceptions. 

For example, if it is found that in the category of repetic creatures or ‘goers’ there 
are a large number with hoofs and horns, i.e. creatures with hard places at their 
extremities, there must be some reason for this hardness. In Shao Yung’s day there 
was no Theory of Natural Selection; the hard extremities would therefore have to 
be explained as far as possible by the theory then current. This took the form that as 
repetic creatures were at the Yin and Lenity end of the scale, the hardness must be 
due to something from the opposite end. Ifthat were so, one would expect to find the 
converse in operation at the other end of the scale. Among ‘flighters’, some might 
be almost solidly under the Yang’? (dragon-flies, for whem no sun is too hot, would 
make an example), but one might also expect to find others with an admixture 
of Yin and Lenity; sure enough, birds, though Yang, have in their feathers much 
softness, and soft protuberances in the form of wings, very different from their hard 
protruding beaks. This would undoubtedly be due to a Yin admixture in the Yang. 

Shao Yung’s theory had the great advantage that it broke open the pigeon-holes 
of earlier systems and made it possible for things to be classified on scales of minute 
gradation, both horizontally and vertically. ‘Among the grasses’, he says, ‘there are 
trees, and among the trees there are grasses’.''® Indeed, now that the organic world 
has been divided into sixteen sub-types, each of these can be permutated by various 
influences to yield 1,920 further sub-types. With such a system, the classification of 
bamboos and tree-ferns, which might well be described as fern-trees, presents no 
linguistic dilemma — When is a tree not a tree? It enabled natural philosophers, 
undistracted by the side issues of definition according to the rules of scholastic logic, 
to get on with the task of ever more accurate scientific description, which will be a 
topic for our later consideration. 

Considerably more important than Shao Yung’s general theory, which, like most 
theories, could only hope fora limited working life, was the stimulus he gave China’s 
intellectual world for centuries to come, a point worth noting by those who believe 
in the stagnant ‘Cycles of Cathay’. When little was known about the animal and 
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D+ Hsing Li Ta Chhtian Shu. ch. 11, fol. 58b. 
"5 Tis in the nature of the Yin-Yang theory that ncither can be total. At the very moment when the Yang 
reaches its maximum extent, the Yin is already present in minute degree and steadily increasing, and vice versa. 
© Kuan Wi (wai phien, A) in Hsing Li Ta Chhitan Shu, ch. 11, fol. 36a. 
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vegetable kingdoms, about such remarkable changes in appearance of certam life 
forms as pupation and the creature which emerges from the pupa, about the ap- 
pearance of animals at different seasons with their changes of coat, about whether a 
species breeds predictably or erratically (as was believed in the West of geese develop- 
ing from barnacles, for which there are several Chinese parallels!'’), about whether 
animals or plants are spontaneously generated, hatched by warmth and moisture 
from Mother Earth, or reproduced in various unlikely ways,!'® when so much was 
unknown there was little point in trying to make out ‘family trees’ for species, little 
motivation for developing phylogenetic or taxonomic systems. It was hard enough 
even to know whether outlandish creatures should be classified as beast, bird or fish. 
At such a stage in the development of scientific knowledge it is impertant to place 
itenis systematically in categories, and when the category is clear, and the criteria 
required for itarc understood, then to give the category a name. Such is the pressure 
of language, however, and the need for common, sensible, recognisable terms, that 
the opposite method was usually followed. 

Shao Yung’s classificatory system anticipated the need for categorising items ac- 
cording to clear criteria and using broad provisional labels. Once the items have 
been grouped, the criteria can be refined and subdivisions made with fresh labels. 
In his system it would be possible to classify the whale provisionally as a ‘goer’ since 
it does not fly. More precisely it would be cross-classified as a ‘repetic goer’. Just as 
clouds could be subdivided according to the higher level of earthly embodiments 
influencing them, so presumably could animals and plants. ‘Repetic goers’ could 
be subdivided into the classes of those which are happiest in a watery domain, the 
‘hydrotic repetic goers’, such as whales, and those which are at ease in fiery places 
such as hot deserts, which include various types of lizard, and, no doubt, medieval 
salamanders secured by the most ardent collectors, these being igneitic repetic goers. 
This, however, is to anticipate the work of later natural philosophers. 

Shao Yung had permutated Flighters, Trees, Herbs and Goers to make sixteen 
classes (Table II). These four, when permutated, exhausted the response (yng KÆ) to 
the natural influence of things. !'” Sub-groups could, however, be formed according 
to the proportions of Yin and Yang influence in the mixture, i.c. according to the 
exact position on the scale, and by the extent to which the group was influenced by 
such factors as heat or dew. An example would be the ‘hoof and horn’ sub-group, 
or the ‘feather and wing’ sub-group. He was also aware that the tme-dimension 
could be used as a factor in classification, citing the dimensions of a day, a month, 
a season and a year, and then in tens of years up to 100, 1,000 and 10,000, which 
takes us presumably through the life-span of giant redwood trees to the formative 


L? For example. Wang Chhung mentions that snakes and reptiles were believed to turn into fish or turtles 
during heavy downpours of rain, and that frogs become quails and sparrows turn into clams. Lun Heng, Unfounded 
assertions’, tr. Forke (1907), vol. 1, pp. 325-6. 

118 Such beliefs can still be encountered in country places in Western Europe, as for example, that maggots are 
produced by rotting meat. (Personal experience in Oxfordshire in 1956.) 

119 <7 sou fei tshao mu chiao erh tung chih chih ying chin chih i ARE AK MHE WB IHR Avan Wu (nei phicn, 13) in 
Hsing Li Ta Chhiian Shu, ch. 9, fol. ga. 
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Figure 17. Portrait of Shao Yung. From Lunkbaek (1986), Dialogue Between a Fisherman and a Weodeutler, p. 4. 


lives of stalactites. '?" Such, very briefly, was the contribution of Shao Yung to the art 
of classification (Fig. 17). 


(il) The development of hierarchical classification 


When, five centuries later, Liu Wen-Thai ¥#)% 4 began work on the imperially 
commissioned Pen Tshao Phin Hui Ching Yoo A. & Gh RIA E (Essentials of the Pharma- 
copoeia Ranked According to Nature and Efficacity), which was presented in 1505, 
he stretched Shao Yung’s system far beyond such limits. !*' He took the Four Embod- 
iments — Fire, Stone, Earth, Water — added Metal, and then permutated these five. 
getting twenty-five classes consisting of such compounds as lapiclic water or geotic 


120 Kuan Wa (wai phien, 13) in Hsing Li Ta Chhiian Shu, ch. 12, fol. gob. The ume dimension was of special 
importance in alchemy, where, for instance, ‘rock salt is said to change after 150 years into magnetite, then after 
200 years into iron, which, ifnot dug up and smelted, will turn into copper... that into “white metal”, and that 
finally into gold’. Sec SCC, vol. 3, p. 639, and vol. 5, pt. 4, pp. 223-4. 

121 See SCC, vol. 6, pt. 1, pp. 264 [Ff for a survey of Chinese pharmacopocias. 
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metal. With such permutations he was able to begin the classification of minerals 
and chemical substances following an at least rudimentary analysis. That is to say, he 
was beginning to think in terms of chemical analysis, an enormous advance on the 
ancient classification by assumed moral qualities and virtues. !?? By further dividing 
all things into two groups, ‘spontaneous’ (thien jan KZA), that is to say ‘natural’, and 
‘man-made’ (jen wet A A), he was then able to double the number of possible classes. 
For the classification of plants he went still further, for not only could they be put in 
a class, but they could also be described by terms of such a sort as would make them 
easily recognisable, terms such as straggly (san #x), creeping (man &), or epiphytic (chi 
#), ‘in order to facilitate collecting for use’. !” 

But, instead of following up Shao Yung’s lead in which animals were classified 
according to their means of locomotion, and in which animals and plants were sub- 
classified according to their habitat and the nature of their excrescences (as living in 
the grass-land, or bearing horns or tubers), he reverted, for animals, to the traditional 
four categories — beasts, birds, insects and fish — which inevitably raises problems 
when it is necessary to classify snakes, worms, or other creatures outside these four 
categories. Liu Wen-Thai’s book did, however, introduce very interesting criteria 
for their sub-classification, such as the method of reproduction, or the creatures’ 
teguments. What interests us here is the way in which the appropriate information 
for cach entry is marshalled. 

After a few necessary preliminaries, the material is divided into twenty-four heads 
(see Fig. 18). These fall into three main groups. First, the raw material is considered. 
‘Then it is treated as a refined product. Finally cautions are given concerning its use. 
Under the first six heads which are to do with the raw material, four are concerned 
with the identification of the plant or animal. This includes earlier descriptions, and 
clarification of linguistic and terminological problems. The description of the item 
is followed by information concerning where it is found, and at what times of the 
year. These are followed by two heads concerning methods of preservations, which 
describe not only how this is done, but which parts should be preserved. The item is 
then described in the form of a refined product. This is covered by thirteen heads, of 
which the first six describeits appearance, colour, sapidity, pharmaceutical properties, 
effectiveness and odour. The next four are to do with its therapeutic use, and any 
adjuvant factors. The following head is concerned with methods of processing, and 
the last two heads in this group cover the entry’s other therapeutic virtues and its 
effects in combination with other substances. The last five heads which we have 
grouped together as cautions, deal with warnings about the use of the medicine, 
about imitations, substitutes, fraudulent samples, and with contraindications and 
antidotes for excess in administration. 

To appreciate the high level to which the organisation of such information had 
now risen, we may compare Liu Wen-Thai’s system with that adopted in The Herbal 


'22 See for example Avan Tzu on ‘the ninc virtues of jade’ discussed above m SCC, vol. 2, p. 43. 
123 See SCC, vol. 6, pt. t, p. 305. 
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Gerard/Johnson’s Herbal Liu Wén-Thai’s Pén Tshao 


Synonyms, % ming. 
























Description N Botanical description, H miao. 
Place Place, i ti. 

Time Time, f% shih. 

Names Methods of preservation, H% shou. 
Temperature* Part used, fH yung. 


Description as materia medica, $ chih. 

Colour, sé. 

Sapidity, WK wei 

Pharmacological properties, ‘YE hsing. 

Effectiveness, 34 chhi. 

Odour, R: chhou. 
Virtues Therapeutic employment, + chu. 
Effect on acupuncture tracts, ÍT hsing. 
What drugs adjuvant, B} chu . 
Incompatibility with other drugs, f fan. 
Methods of processing, $] chih. 
Other therapeutic virtues, 74 chih. 
Effects in combination, & ho. 








/, 


Cautions, # chin. 

Imitations and substitutes, ^Ñ tai. 
Contraindications, & chi. 

Antidotes for excess in use, f# chieh. 

How to distinguish genuine samples, J& yen 








*By temperature is meant the power of tempering heat in the body. 
y P p pering y 
Figure 18. Diagram contrasung Gerard/ Johnson's Herbal and Liu Wen-Thai’s Pen Tihao. 


or General History ef Plants, ‘the best known and most often quoted herbal in the 
English language’,!** originally written by John Gerard (1545-1612), published in 
1577, but revised with great care in 1633 by Thomas Johnson. Though appearing 
somewhat more than a century later than the Chinese work, and containing many 
more entries — 2,850 as against 1,815 — the information supplied concerning each 
entry is organised quite crudely, as the lists of heads under which the information is 
classified, shown in Figure 18, make clear. The Gerard/Johnson book classified all 


the data under just six heads, of which the last, the ‘virtues’ of a plant, is a general 


134 Dictionary of Scientific Biography, vol. v, pp. 361-2. sub nom. Gerard. Also Stearn (1966). 
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undifferentiated rag-bag collection which, in the Chinese work, is separated out into 
no fewer than eleven different headings. It will be noted that the English work has only 
one type of description, that of the appearance of plants, whereas the Chinese work 
separates this from the description of the materia medica af ter processing. Occasionally 
Gerard includes some description of the appearance of the materia medica under his 
over-general heading ‘virtues’. For example, he describes how infusions may be made 
from the flowers of roses for ‘purging gently the belly’. He concludes: ‘Unto these 
syrrups you may adde a few drops of Vitriol, which giveth it a most beautiful colour, 
and also helpeth the force in cooling hot and burning fevers and agues’.!2° That may 
well be so, and it is an excellent example of his adding to his over-worked ‘virtues’ 
section, what drugs were considered adjuvant; but what beautiful colour, we may 
ask, did the syrup actually become after the oil of vitriol was added? 

The strength of Gerard’s book is in the description of the botanical specimens. 
Without the illustrations, however, it might be difficult to identify many of them. This 
could not really be done until a whole new technical vocabulary had been invented. 
But within the limitations of the vocabulary of his age he manages rather well. 2° 
There was then, for example, no word for petal. He deals with this by saying of 
elecampane (p. 793) that in the flowers, which are great, broad and round, ‘the long 
small leaves that compass round about are yellow’. Today we should say that such 
members of the compositae have capitula composed of a number of florets densely packed 
together, the heads being each surrounded by an wwolucre of bracts, the calyx being 
supcrior, the corella gamopetallous, the five stamens syngenesious, and the style single. But 
in writing for recognition rather than classification his descriptions were adequate 
when supported by illustrations. 

What was less satisfactory was that so many important aspects of plants were not 
dealt with systematically at all, but only included among the ‘virtues’ in a random 
fashion. For example, he happens to mention among the ‘virtues’ of clecampane that 
the root is with good success mixed with counter-poisons. It resisteth poison. Un- 
fortunately he does not say how much of the root should be administered, nor what 
poisons it resists. But we search in vain in his book for contraindications, incompatibil- 
ities and so on, and of course for any reference to acupuncture tracts. Nevertheless 
the unsystematic way in which such linkages were dealt with, and the tendency 
to classify anything unusual under ‘virtues’ suggests that in the pre-Renaissance 
Wrest there had been no strong tradition of training in the use of check-lists. 

A mere two generations later Li Shih-Chen 4423} (1518—93), building on Liu 
Wen-Thai’s foundation, brought classification in botany to a Magnolian or Tourne- 
fortian level.!2’ Perhaps unconsciously he drew on Shao Yung who had said that 
our world began with fire, water, stone and earth, but had dismissed metal and 
wood to the secondary level, and whereas Liu Wen-Thai had added metal again, Li 
Shih-Chen said that: 


> Gerard (1633), p- 1264. 
For problems and progress with the phytographic language of China see SCC, vol. 6, pt. 1, pp. 126 ff. 
See SCC, vol. 6, pt. 1, pp. 12-13. 
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Water and Fire existed before the myriad things, and Earth is the mother ofall the myriad 
things. Next come metals and minerals, arising naturally out of earth, and then in order 
herbs, cereals, [edible] vegetable plants, fruit-bearing trees, and all the woody trecs. ... Then 
the tale continues with insects, fish, shellfish, birds and beasts, with mankind bringing up the 
rear. Such is [the ladder of beings], from the lowliest te the highest, ?® 


So it was that step by step thinkers made their way from the early ‘Ladder of Souls” 
towards the Theory of Evolution. 2” 

Three stages in the development of classification have now been traced. First. 
grouping things in sets with a common characteristic. Secondly, placing those which 
have a common characteristic in serial order, leading to the concept of scales. Thirdly. 
using a series of terms two-dimensionally to form a grid or nest of squares which 
can be used for pigeon-holing information, as when high—middle-low, read in two 
directions, makes it possible to classify objects in nine different sets from the highest 
of the high to the lowest of the low. 

Chinese writers do not appear to have experienced any difficulty in making their 
literary language carry out these functions. 'Fhe order of plants listed in sequence 
on the ‘oecological gradient’ described in the Awan Tzu book under the fourth head. 
referred to above, !” is quite simply and clearly indicated by the phrase Asia yi FF. 
‘low in relation to’, for example, plant A islowin relation to (lower than) plant B, plant 
B is lower than plant C, ete. 131 The idea of serics is conveyed z a technical term tshui 
# in the phrase, ‘fan pi tshao-wu yu shih-erh tsha? FL4k # 4 + Æ, ‘all these plants have 
twelve precedences’. The word ishu originally meant a mour nines garment. When 
the metaphor was fresh it must have evoked a vivid picture of plants as differentiated 
as people wearing mourning garments, which were strictly graduated in their style 
according to precedence. Again the idea of serial order or gradation is conveyed 
by the word ¿zhu 2%, as in the phrase ‘œu yu (zhu 4 A 2K’, ‘plants have their order’. 
translated above in its context as ‘Every type of soil has its characteristics, and every 
plant can be graded in an order (of luxuriance) (met chou yu chhang erh wu yu tzhu 
BNA FAK) 

A fourth form of classification was, however, evolved, whose purpose was to obtain 
a clear idea of how items in a group are related, or how, through them, something 
is transmitted. This type of classification is usually described as ‘hierarchical’, since 
items are arranged in levels just as, in the +5th century, Dionysius the Pseudo- 
Areopagite, also known as Pscudo-Dionysius, arranged the angels into three classcs, 
higher, middle and lower, each class subtending three choirs, from the Seraphim. 


128 Quoted in SCC, vol. 6, pt. 1, p- 315, from PTAM. ch. Shou, Fen li, p. 37 b: on the conception of the 
naturae in Chinese thought, cf SCC, vol. 2, pp. 21 ff 

129 Some of Li Shih-Chen’s statements, mediated through , Jesuit writings, formed part. of Charles Darwin's 
Chinese sources, for example, The @rivin of Species (1st edn), p- 34, mentions that the principle of selection was known 
to the Chinese from antiquity: l'or the various doctrines of the ‘ladder of souls’, see SCC, vol. 2, p. 22- 

80 See SCC. vol. 6, pt. 1, p. 49 fF. 

OL See Kuo Mo-Jo et al., in Auan Tzu Chi Chiao € F # 4K, vol. 2, p. 922, where the gradient from lake water to 
dry ground, and the twelve plants representing the twelve habitats, are illustrated, following the commentary of 
Hsia, Wei-Ying RAR. 

> See SCC, vol. 6, pl. 1, p. 55. 






















puls’ 


“irst, 
hich 
idly. 
hich 
| vO 
shest 


their 
ence 
read, 
Fe. 
plant 
| ĉshui 
havc 
Vhen 
jated 
style 
‘eyed 
rder, 
every 
t tzhu 


btain 
thing 
since 
2udo- 
asses, 
him, 


he scala 


larwin's 
j|known 


vater lo 


atary of 





50 GENERAL CONCLUSIONS AND REFLECTIONS AR 


nearest to the All Highest, to the ordinary angels, nearest to man, so hierarchical 
classification developed. 

As was scen above, grading into three categories — higher, middle and lower — was 
practised in China at an early date. But such grading was not necessarily hicrarchical. 
It is only hicrarchical if there is a connection between the higher and lower levels. 
If no mutual relationship is expressed, or if nothing is transmitted from onc level 
to another, then the items are simply forming a series divided for convenience into 
groups, rather as an iron rod may be cut into convenient lengths and formed into a 
chain. A concatenation does not, however, constitute a hierarchical classification. 

The [Shen Nung] Pen Tshao Ching $41 $ AS EERE (Classical Pharmacopoeia of the 
Heavenly Husbandman), already referred to!” as a work essentially of the -2nd or 
—Ist century, provides an example of this. The 365 entries which at that time it is 
supposed to have contained, were placed in three groups and entitled shang phin_| ih 
chung plan 8 and hsia phin F &, or ‘upper grade’, ‘middle grade’ and ‘lower grade’, 
the upper grade being named chin Æ, ‘prince’, the middle grade’ chhen Œ, ‘minister’, 
and the lower grade ‘tso shih & {@’, ‘adjutant’, With such terminology one would 
seem justified in assuming that the various medical substances were being graded 
hierarchically, with the ‘sovereign’ remedies at the top, and the common remedies at 
the bottom, but in fact these ancient terms were being used as complex adjectives to 
indicate that some substances (the princes) were entirely benign, and could be used 
at all times; others (the ministers) could be used, but with circumspection, while the 
third category (the adjutants) such as lead tetroxide, lead carbonate or arsenolite, 
were highly dangerous and could only be used with extreme care.!3 Here, then, 
there is still simple grouping with some serialisation. 

The prototype of hierarchical or dendritic classification is the family tree. ‘Voday it 
implies the transmission of genes, and from this type of classification it is possible to 
see whether the genes of a certain ancestor have been transmitted to another member 
of the family. In earlier times what was thought to be transmitted was ‘blood’, and 
the problems arising from related blood were problems of consanguinity. Along with 
blood was transmitted authority, at the least the authority of a father, at the highest 
level the authority of an emperor. 

It is interesting that the modern terms used in zoological dendritic classification 
in both English and Chinese are extremely ancient but now used in a new and 
precise manner to indicate the different evolutionary levels. The main terms in the 
hierarchical sequence of modern science are: kingdom — phylum — class — order — 
family — genus- species. Of these seven terms, three in English derive by analogy from 
the realm of power and authority. They are: kingdom, denoting the widest network, as 
in ‘the animal kingdom’; class, originally one of the six groups into which the Roman 
people were divided for the purposes of taxation; and order, one of the three groups 
into which the Roman people were divided ‘horizontally’, with the order of senators 
at the top, of knights in the middle, and of plebeians at the bottom. The three terms 


133 See SCC, vol. 6, pt. 1, p. 242. 34 See SCC, vel. 3, p. 643. 
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which derived from the family network are phylum, deriving from the Greek word for 
‘tribe’; family, a Latin word which has not altered very much in meaning; and genus. 
an assemblage of persons, animals or plants which, in Roman thinking, resembled 
each other by reason of consanguinity or shared characteristics. The seventh term. 
species, may be traced back not by analogy from blood or authority, but to that in a 
thing’s appearance, or its “essential qualities’ which, in formal logic, enabled it to be 
distinguished from a genus and an individual. 

Chinese terms used in modern dendritic classification also havea venerable history, 
turning up again and again as the practice of classification developed and became 
more refined. The ancient terms now used in China in this modern sense are taken 
not from the family, important though it was in China, nor yet from the structures 
within which authority was transmitted, but from the world of thought and learning. 
Kingdom is chieh &, world, as in ‘world of ideas’. The phylum or tribe of Western 
classification is in Chinese men ff, door, particularly meaning the door of the sage. 
his school of thought. Class, kang 2, and order, mu EF], go together in encyclopaedias 
to indicate headings and sub-headings. The equivalent of ‘family’, kho £}, is one of 
the most interesting terms of all, for, as we have written elsewhere: 


It happens to be the most fundamental word for classification of any kind in the Chinese 
language. .. . The basic meaning of kho before modern times was that of the divisions of 
successful candidates in the imperial examinations for entering the bureaucracy. It thus meant 
class or degree. The oldest meaning of the word, however, was that of any hollow cavity, as 
in an old tree, so that the speculation is permissible that the original semantic content was 
the distribution of different objects derived from plants into a series of ‘pigeon-holes’ so as 
to classify and separate them.!*° 


Genus and species are indicated by shu JB and chung 4% respectively, the former 
being very similar to the Latin genus in its meaning of ‘an assemblage of persons 
or things’, though in Chinese they are assembled by the force of political or logical 
dependence, whereas in the Latin term the assemblage is due to kinship or ‘blood’. 
Chung €, meaning class or kind or sort, was used by Li Shih-Chen in the 16th century 
in his Pen 7shao Kang Afu (Great Pharmacopoeia) as synonymous with his particular 
individual entries, classified under the various /e: $A or genera, many of which were 
in fact true genera in the modern sense. 

When language and thought have advanced to the point at which it seems nec- 
essary for a particular thing to belong to a genus within which it is in some wav 
differentiated from other items, but when it is not clear what that genus should be, 
an important decision has to be made. One is that existing names in a language 
provide the genera, and the species or sub-groups within the genus must then be 
classified in such a way that their differentiae support the method of classification, 
though this is often impossible. The other is that the various items must be classified 
according to the distinguishing differentia, where this is possible, and a name for 


35 Neeclham (1968), p. 128. See SCC, vol. 7, pt. 1, ‘The Concept ofa Class’, pp. 218 IT. on the importance of the 
word Ja X, ‘category’. 
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the genus must be found or invented. Theophrastus, ‘father of botany’ (c. —372 to 
—298), began his classification of plants by grouping them under existing names used 
generically, rather than by grouping them according to characteristics, and inventing 
a term to summarise what was subsumed. ”® It is to his credit, however, that when 
classification on traditional lines was clearly breaking down, he was prepared to 
adopt current colloquialisms such as dendrolachana (SevipoAayava) or ‘tree-herb’, 
as a term to subsume plants like the cabbage, which were found to have something 
of the nature of a tree. 

The idea of descent through the family was no less important in China than in the 
West in the development of hierarchic classification. '3’ The keeping of genealogies 
had long been practised in the West. It would appear that the Romans may have 
started schematic genealogies in which the lines in a diagram indicate the relation- 
ship between ancestors, for it was their custom to keep wax models of the heads 
of ancestors, and at one time, according to Pliny, ‘extremely correct likenesses of 
persons’.'38 Pliny goes on to say that ‘the pedigrees too were traced in a spread of 
lines running near the several painted portraits’.!°° In addition ‘the archive rooms 
[in private houses] were kept filled with books of records and with written memorials 
of official careers’. 

The importance of genealogies for scientific thinking lay, however, in the use made 
of them by metaphor and analogy. The key idea was that things breed. Just as a man 
breeds sons, so does his money breed interest. The Greek for ‘interest’ was tokos 
(Vokos), meaning literally ‘child’, Moreover, as money can have a child in the form 
of interest, so in time can that interest have a child, tokoi tokon (T6koi Tokwr), the 
children of children, or, as we should say nowadays — compound interest. 

The same metaphor was also much used in China. For example, one musical 
note gives birth to another to produce the scale in the cycle of fifths.!® The same 
word sheng ++, give birth to, or generate, is also of great importance in alchemy, and 
mineralogy, and in fact the whole conception of breeding metals and their different 
generations is well brought out in the passages from +5th-century Taoist authors 


which we quoted at some length in the Section on Mineralogy, part of which is as 
follows: 


We read that according to the Ho Ting books, when cinnabar is acted upon by ‘the chhi 4, of 
the green Yang’ it forms ores, which after 200 years become green (‘the girlis then pregnant), 
and gives birth after 300 years to lead which in a further 200 years changes to silver; lastly, 


6 His use of the terms ‘tree’, ‘shrub’, ‘under-shrub’ and ‘herb’ are examples. 

137 Sec SCC. vol. 6, pt. 1, p- 212, where reference is made to the —2nd-century Shih Pen t8% (Book of Origins), 
which enlarges on the origin of the names of the clans and gives elaborate gencalogics of the ruling houses. 

138 Pliny, Natural History, IX, xwxv, 2 (4), w. Rackham (1952), p. 263. 

189 Stemmarta vero lineis discurrebant ad imagines pictos.’ /lid.. 2 (6), w. Rackham (1952), p. 265. 

140 That is to say, ifa musician wishes to play on a zither the decpest or Auang-chung Ë $% note, he must strike the 
longest string. Ifhe then stops that string at two-thirds its length and strikes it again, the string which had lermerly 
given birth to the fuang-chung note, now delivers itself of the fa-chung #4 note, which is a perfect filth higher in 
pitch (Auang-chung sheng lin-chung % 4&4 % #8). This formula may be tound in the —grd-century Li Shih Chhun Chhiu 
mt #F 4k (Master Lits Spring and Autumn Annals), SP?) edn vol. 1, ch. 6, fol. ga. 
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after 200 years, the ‘chhi of the Great Unity’ is obtained, and gold appears. Gold, they say, is 
the son of cinnabar . . .!"! 


Similar ideas were current in 13th-century Europe: 


Gold is produced in the earth with the aid of strong solar heat, by a brilliant mercury united 
to a clear and red sulphur. . . . White mercury, fixed by the virtue of incombustible white 
sulphur, engenders in mines a matter which fusion changes to silver. . . . Tin is generated by 
a clear mercury and a white and clear sulphur . . .!?? 


An important step forward was taken when it was realised that the transmission 
of power and authority can be represented by the same diagram or vocabulary 
as is used for the transmission of ‘blood’. New th.nking often precipitates a crisis, 
but the crisis can perhaps be averted by the judicious use of fictions. Such fictions 
can be tangible, as when Egyptian queens acting as monarchs wore false ceremonial 
beards on ritual occasions, !*’ or verbal, as when the Roman emperor Antoninus Pius 
adopted Marcus Aurelius as his fictive son and successor. Magical potestas can also 
be transmitted through such artefacts as sceptres, crosiers and gavels. It is, therefore, 
no great leap from the lines, or perhaps linen threads (linea), which connected the 
ancestral portraits described by Pliny, to the diagrammatic lines connecting the names 
of ancestors in a family tree, to the schematic lines indicating the transmission of 
the authority of St. Peter from pope to pope, er of the military authority of the 
commander of a division to his brigadiers, and through them to colonels, majors. 
captains, lieutenants and warrant officers. 

Once officers, officials and functionaries are thought of as being in special relations 
to each other by virtue of their hierarchical levels, further developments become 
possible, though this may take time. '** For example, in an early stage of tax collection. 
when contributions are paid in kind, one official may be given the task of arranging 
for the goods to be kept in store rooms. As the catchment area increases in size, and 
the number and range of contributions also increases, delegation of duties becomes 
essential. A hierarchy of senior and junior officials then comes into being, and ¿pso 
jacte the work they do follows hierarchically, as occurred in late Chou times in China, 
when the taxes on fish and salt, and on the produce of mountain, marsh and market 
were classified as particular taxes uncler the general tax (sw-shu 4 $ġ, 

It is not essential for hierarchical types of classification to be expressed diagram- 
matically. The hierarchical arrangement may be implicit in the technical terms 


lH See SCC, vol. 3, p. 639, quoting Li Shih-Chen’s Per Tshae Kang Mu (1596). PTKM, ch. 8, p. ua. Li Shih-Chen 
is quoting from books of perhaps the 12th century, but this is not certain. 

142 SCC, vol. 3, p- 639, quoting Speculum Maius (sec Sarton (1934), vol. 2, p. 929). 

H3 Pree-born Egyptians were clean-shaven, but wore false beards on occasions. “The allegorical connection 
between the sphinx and the monarch is pointed eut by its having the kingly beard, as well as the crown, and other 
symbols of royalty’ (Wilkinson (85.4), vol. 2, p. 329). The upturned divine beard permitted to dead Pharaohs is 
illustrated in the British Museum (1972) Treasures ef Tutankhamun, item 9, ‘Canopic Collin’. 

LH Creel (1937a), p- 103, writes, ‘Not even the titles for feudal lords of various ranks had been arranged into 
a graded hierarchy in the early Chou period. In the beginning these titles were used rather indiscriminately. The 


system of five ranks emerged and became clarified only gradually.’ This is developedin more detail in Crecl (1937b 
p- 328. 


hey say, is 


ury united 
ible white 
nerated by 


nsmission 
ycabulary 
s a Crisis, 
sh fictions 
seremonial 
ainus Pius 
5 can also 
therefore, 
rected the 
the names 
mission of 
rity of the 
ls. majors, 


U rclations 
ts become 
collection, 
arranging 
n size, and 
s becomes 
g, and ipso 
3in China, 
nd market 


I diagram- 
ical terms 


Li Shih-Chen 


zal connection 
avn, and other 
ad Pharachs is 


arranged into 
aninately. The 
2Creel(1937b}, 





50 GENERAL CONCLUSIONS AND REFLECTIONS 149 


themselves, as when one speaks of a man, his father, and his grandfather. But Chi- 
nese characters are particularly well suited for indicating the different levels in this 
type of classification, if it is so desired. For example, it is possible to make clear to 
which generation individuals belong by giving one character of their personal names 
a common radical in cach generation, as when the emperors of the Ming dynasty, 
and other members of the Chu & family, from Emperor Hui Ti Æ (personal name 
Yiin-Wen gt, C) onwards, all had in common, as a radical in one of the characters of 
their personal namcs, the character denoting one of the Five Elements; the different 
members of each generation all used the character denoting the same clement. !*° 
Thus generation by generation their personal names included the symbol for wood, 
fire, carth, metal or water, in that order,!*® as in Ti 4% who succeeded his nephew 
Yiin-Wen jt, (x, followed by Kao-chih $% K$, also of Yiin-Wen’s generation, and he 
by Chan-Chi g #, Chhi-Chen #844, Chhi-Yü #6 4§, Chien-Shen # j, and so on. 

This principle of instant recognition of hierarchical order might well be exploited 
for scientific purposes whenever there is a need to indicate hierarchical levels. For 
instance seven components of the seven characters which denote the seven main 
levels in the biological hierarchy could be abstracted from the full character and 
used as indicators of hierarchical level, and added to any plant or animal name, thus 
making clear at a glance the position of a term on the hierarchical ladder, just as 
the addition of the characters for gas, metal, liquid, and so on, makes the physical 
nature of an element immediately apparent in modern Chinese chemistry. !’ 

This is already done to a certain extent in international botany, for the generic 
name of every plant is the first of the two words comprising its binomial. ‘The genus, 
then, contributes the basic name to the related nomenclature, and ascending from 
genus through family and orcler to the sub-classes, the terms are made by the addition 
of Latin suffixes to the generic term’s root. For example, the genus to which a great 
many species of roses belong, namely the Rosa, adds -aceae to the stem to create 
the term Rosaceae meaning ‘rose family’.'*8 In the next higher rank of ‘order’, the 
family of Rosaceae adds the suffix -ales to its stem Rosa-, making Rosales. This suffix 
alfords instant understanding that terms such as Malvales or Cycladales which have 
this ending belong to the rank of ‘order’. Below the ‘family’ there may be a division 
into ‘sub-families’ or ‘tribes’. This is indicated by the suffix -eae, as in Roseae. If -eae 
for the sub-family, -aceae for the family and -ales for the orcler were the only suffixes in 
use, there would be no problem, but unfortunately there are variants and additional 
suffixes for more refined distinctions. Sub-orders are distinguished by -zneae, as in 
Malvineae from the stem Afalva-. Some families are known by the variant ending -osae, 


5 Wood, mu A; fire, huo K; earth, Hu +; metal, chin Bs; water, skuizk. 

H8 “This is, not unreasonably, the ‘mutual production order’. 

87 See Gerr (1942), p- 55, Where he cites examples of gases indicated by the radical No. 84. The zoological 
Icvels could be indicated by radicals 102, 169, 120, 109, 68, 44 and 15, which are present in the characters for these 
terms. 

L8 Tf there are many genera within a family, the family name will derive frem the most important ofthe generic 
narnes. So Rosaceae, the rose family, derives [rom the genus Resa, other members ofthe family having such different 
names as Rubus, Prunus and Speraea. 
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as in leguminosae, developed from the word legumen by way of its root legumin- and 
sub-families may also be distinguished by the suffix -ordeae as in Boroginoideae. These 
sufixes may now be summarised in alphabetical order as: -aceae, -ales, -eae, -ineae, 
-oideae and -osae. The drawback is that these Latin suffixes are so well provided with 
the vowels [a] and [e] that they may not be readily distinguishable to ear or eye, 
especially for those of the world’s inhabitants who are unaccustomed to inflected 
languages, and may be uncertain how much of the word is its root. Classification 
of plants is, however, still at the provisional stage, since ‘the present state of man’s 
knowledge is too scant to enable one to construct a phylogenetic classification and 
the so-called phylogenetic systems represent approaches towards an objective ...°.!™ 
It may well be that in the centuries to come alternative methods of distinguishing the 
levels of classification such as are suggested by the use of logographs will be found 
to have advantages. 

Organising botanic knowledge in hierarchic levels from general to particular, or as 
the Mohists put it, from the wide to the narrow’, ”® nevertheless entailed a linguistic 
problem. Human beings are conservative, and resist changes in their thinking habits. 
When classification in botany came to be organised on the revolutionary lines which 
culminated with the binomial nomenclature of Linnaeus in 1753-8, it had to be 
accompanied by a linguistic revolution. 

The result was a new semantic field with a structure totally different from the old. 
Botanists decided that the Latin nomenclature begun in 1753 (and still used today 
in the international rules) was indispensable, because the change in semantic field 
had not been accompanied by a total reconstruction of vocabulary. The Latin words 
used by Linnaeus and his successors in a new and precise sense had previously been 
used — but in a different sense — within the older traditional semantic field: and if 
was therefore necessary to abolish all pre-1753 meanings. "°! 

This, a drastic intellectual cleansing of Augean stables, was somehow achieved. It 
could scarcely have been done with Chinese, for a Chinese character seldom dies, 
and Literary Chinese in the 18th century was far more alive than Latin, even though, 
Latin had only ceased to be the administrative language of France a hundred vears 
before Descartes wrote his Discours dela Adéthode.'°? Had it not been for the rise of the 
vernacular languages of Europe during the Renaissance, and the relative indifference 
of the people who spoke them to what the botanists were doing in Latin, modern 
botany might well have got bogged down in endless disputes about terminology. As 
it was, botanists were able to take many Latin words from low levels of specific ing 
and exalt them to the level of genus or family where they subsumed countless species 
of plants whose names had not existed or had been ambiguous in the ancient Greco- 
Roman world, and were now redirected, reconstituted, or inverted from Greek and 
Latin roots. Botany was thus equipped with a new, properly organised and coded 
language. But how was this new language to be made available for use by the common 
people? 


H9 Lawrence (1951), p. 13. U0 See SCC, vol. 2, p. 174, on Mohist ‘Classification’. 
15! Haudricourt (1973), pp. 267-8. 


62 The Edict of Villers-Cottercts was in 1339. The Disceurs dela Méthode was published in 1637. 
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France attempted the logical answer by translating the neo-Latin terms back 
into French. "° For example, the nightshade (in French morelle) became classified as 
solanum. To this genus belongs the potato. What had formerly been called an earth- 
apple or pomme-de-terre therefore became, in botanic Latin, Solanum tuberesum. This 
was then translated back into French as ‘morelle tubereuse’, However, people in 
shops and restaurants do not order ‘morelles tubereuses’, or in English — ‘tuberous 
nightshades’. They prefer ‘pommes frites’ or perhaps ‘boiled potatoes’. 

The botanic code must be keptas it stands. It cannot be translated at an early date 
into any living language without destroying the linguistic hierarchies, for people do 
not think of egg-fruit and potatoes as species of the genus (non-deadly) nightshade’. 
Chinese, therefore, like English and the other pragmatic languages, continues to use 
the familiar terms for plants, whether recent or handed down from antiquity, and 
when the hierarchic level ofthe precise meaning is in doubt, refers to the Linnaean 
or some similar code as a cross-check. It is not that Chinese is compelled to do 
this because it uses logographic script, though the contrast of scripts in a Chinese 
publication makes the use of the cross-check more apparent. It is used for the same 
purpose in every language of the world that includes modern botany in its literature. 
It is possible that little by little, as resistant words lose their power, they can be edged 
into the right slots, and the world’s vernacular languages can be systematised as 
Lamarck hoped they would. But it will certainly take centurics. 

An illustration of the difficulties facing those who wished to do for Chinese what 
Linnaeus did with Latin can be seen in the following example. The well-known 
Chinese flower term tzu-wan % 5@ (purple-luxuriant flower), which is the Aster tataricus, 
was chosen to be eponymous to the Astereae tribe of the Compositae family. >+ Thus, 
tsu # being ‘tribe’, the Astereae are called tzu-wan-tsu, and shu B being genus, the aster 
genus is fzu-wan-shu. There are many species within the aster genus, but Aster tataricus 
which gave its name to the genus in Chinese remains plain tzu-wan. According to the 
rules ofinternational botanical nomenclature, this genus term shouldbe followed bya 
second term ifthe name ofa species is to be formed, as Aster is followed by tatari cus. It is 
the second term which distinguishes the species. Butin Chinese this is not done. Tzu- 
wan stands alone as the species name. This is understandable, for to add a qualifying 
term to an old traditional name would do violence to the living language. It would 
be like requiring an Englishman to call a common daisy a daisy vulgaris. Furthermiere, 
the similar species known as Aster fastigiatus, in which the flower is white, cannot really 
be called tzu-wan, for as tzu is purple, it cannot easily be applied to such a flower 
(though English does have white violets) and therefore has the abbreviated name of 
nü-wan tzi, “womanly-luxuriant [flower]’. But there are other species of aster whose 
traditional names have been kept, though they have even less connection with the 
generic term than did né-wan. For example, there is ma-/an, ‘horse-orchid’, which is 
Aster indicus, also known as chi-erh-chhang 2% & fi ‘chicken intestine’; there is Aster scaber, 
which is called ‘cast-wind-vegetable’, turg-feng-tshai $ JA ¥; there is Aster hispidus, kou- 
wa-lua 49% 4¢, which is literally ‘dog-pretty-baby-flower’, and many more. What 


153 Haudricourt (1973). p- 270, quoting Lamarck’s preface to his Flore francaise. 
14 Steward (1958), pp. 395 fF. 
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they lack is a common term or character to indicate a common genus. Linnacus 
was able to take terms from the Latin language and change thcir meaning to meet 
the needs of modern botany in a way which would be very difficult and perhaps 
impossible in any living language. But this does not mean that the Linnaean system 
cannot be expressed in logographs. On the contrary new logographic terms could be 
invented just as new Latin termis were invented, and just as they have been in Chinese 
for other fields such as musical notation. The generic Aster, for instance, derives from 
the Greck word for star, and gives a rudimentary impression of a flower with petals 
like the rays of a star. Similarly the Chinese ideograph for star, Asing £, which already 
combines with other elements to make a range of composite characters, could be 
combined with Radical No. 140 which indicates things of vegetable origin to make 
a new character indicating the genus aster, which would then be suitably qualified 
with second characters to distinguish each species. Such characters would be no 
less international than the Latin names, and would avoid the horrific difficulties of 
pronunciation which attend such terms as Wearszewiczella or Brassaocattlaeia. Chinese 
characters are already given local pronunciation in many countries of the Eastern 
world. The same process may well continue. 

The establishing of hierarchic classification is an essential first step in the systematic 
retrieval of information. The most efficient machine for finding information quickly 
was, until recently, the human brain. But for the herbalist the number of plants 
that could be used, and the ways in which they could be combined in recipes, and 
the particular ailments and diseases to which they could be applied form a total of 
entries too great for efficient retrieval from the human memory. Nor was it enough 
to classify dividual items in series under such general headings as Trees/ Herbs in 
China, or ‘Trees/Shrubs/Undershrubs/Herbs in Greece. A branching or dendritic 
system of classification was clearly needed in order that the enquirer could follow a 
route from one point of bifurcation involving a choice to the next. In Greece this was 
aided by the dichotomies of Aristotelian logic, and is still with us, in, for example. 
the notion of vertebrates and invertebrates, used by Lamarck and Cuvier to replace 
Aristotle’s earlier dichotomy of Enaima, animals having blood, and Anaima, animals 
not having blood. 

The first need in the grouping of plants was to promote ease of finding, without 
having to run through large numbers of items grouped in series. The first step to 
this end was to increase the number of general headings, as from trees and herbs 
to trees, fruit trees, kitchen vegetables, cereals and herbs, thus reducing the number 
of entries listed under the head words. Very soon it is found that certain plants 
such as melons cannot be regarded as classifiable either under fruit trees or kitchen 
vegetables, therefore more precise definitions are required for the terms in the main 
headings, and new terms must be added. 

In such a climate of opinion it is not surprising that the Erk Ya (“The Literary 
Expositor’, better translated perhaps as ‘The Semantic Approximator’), China’s 
earliest dictionary (consolidated approximately —3rd century), should have listed its 
headings in an order ofevolving complexity, frem herbs to trecs, and so to insects, fish. 
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birds and beasts. This was a work of severely practical intent whose aim was to help 
scholars track down the meaning of obsolete termsand words. °° Naturally the many 
hundreds of terms for things and relationships whose meaning had become obscured, 
or whose very existence had been almost forgotten during the previous tumultuous 
centuries, needed to be groupedaccording to some logical system. Nineteen sections 
were found to be enough for this purpose. The first eight reflect the unknown author's 
concern with the preservation of the ancient lore to do with the ritual of the Way. 
‘They deal in turn with Au 24, ancient sayings, yen 8, words, and Asiin Zl], explanations 
of what should be given in moral instruction. Naturally this is followed by chlan 
#4, human relationships, kung ‘#, palaces and important dwellings, and chhi 3%, the 
utensils used in traditional rituals, and by yüeh 4, music, a most important part of 
those rituals, which might well be translated as ‘glee’. !°° 

The second half of the book deals with what is found on the earth, & #, and 
the earth itself is the heading for section nine. Section ten deals with chuu f, grave 
mounds, mounds and hillocks, followed naturally by shan jh, hills and mountains. 
Since water runs offhills and forms rivers, secuon twelve deals with all things watery, 
shui 7k. Sections thirteen and fourteen together comprise the world of botany. Section 
fourteen is concerned with trees, mu 7x, and the one before it with ¿shae #, which may 
be translated as herbs and grasses. But herbs and grasses may be held to subsume all 
the non-tree part of the botanical universe. In entering the realm of biology we find 
ourselves even today in a world of indefinite frontiers. Sections thirteen and fourteen 
are but two of the seven sections which are devoted to natural history or nature. The 
last five are, in serial order, ch/wng #, insects or very small creatures; ya @, fish; sao 
8, birds; then shou Bk, wild beasts; and finally chhu 4, domesticated animals. 

Much can be learnt from this listing. In the first place, the sequence is so clear 
and logical that it can be memorised from a single reading. !°” But of greater interest 
for classification are the terms used as headings for the sections to summarise their 
contents. In some cases the terms are already sufficiently general to subsume all that 
is required of them, but in others they are in the position of English before it had 
discovered, for example, ‘precipitation’ to subsume rain, fog, frost, and similar terms. 
An example of the former is the section whose title is s/w? 7k, water. This section sets 
out to save from oblivion terms to do with springs, wells, streams and rivers, and also 
with such things as waves and marshes, and even such less obvious terms as that for 
the margin where grass and water meet. 

An example of where nomenclature had not yet evolved with adequate covering 
power is afforded by the two terms just mentioned, ¿shao # and mu H., literally grass 
and trees. Together they in fact mean vegetation, as is clear from the parallel sentences 
which occur in the section on mountains. !** 


'53 On the Exh Yascealso SCC, vol. 6, pt. 1, pp. 186 IT. 

'5© In earlier times this English word carried, as does the Chinese, the multiple connotations of music. joy, 
entertainment, beauty and colour, and a sense of exaltation, as Cooper (1973), pp. 56-7, points out. 

{57 This is not the opinion of Bauer (1966), p. 667, who regards the arrangement as clumsy, with many overlap- 
pings. 

D8 Erh là, Sect. 11. Mountains. 
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[Mountains which have] much vegetation [are known as] “hu dé’. [Mountains] devoid of 
vegetation [are known as] ‘Aail%. To tshao mu hu& BARE. Wu tshao mu kai $B KU. 
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It is obvious that when the writer speaks of mountains with or without trees and 
grasses, he does not mean that they might nevertheless be covered with shrubs 
or bushes. This is an early example of the tendency to convey in Chinese by the 
‘synthesis of opposed concepts’ what is covered in Indo-European languages by an 
abstraction, as was discussed above !? in connection with the word height. Here the 
scale is formed by the tallest vegetable growth, the tree, at one end, and low-growing 
plants at the other. In between may be ranged all the creeping, climbing, rampant. 
shrubby, reedy and bushy plants which in Indo-European languages are subsumed 
by an abstraction. It was only a matter of time before the two words fused into a 
technical term doing the work of the abstraction vegetation in English. The two ends 
of the ‘animal’ scale are represented by the words chhung #, insects and similar very 
small creatures, and shou Bẹ, beasts. But here the synthesis of opposed concepts was 
not used to make a term for ‘animal’. It was only after the 17th century with the 
changing of perspective and classification that it became necessary for the beasts 
of the field and for the fowls and other denizens of the air to be subsumed by the 
abstraction aumal, tung-wu $ ty and for the ‘grass-tree’ synthesis to be partly replaced 
by the modern term chih-wu 4& 49, plant. 

The formulation of general terms such as precipitation is essential for scientific 
thinking, and as science develops, and things are observed to be in new or different 
relationships, new terms are continually being invented to express these relationships. 
For example, the concept of animal, distinguished from that which is vegetable or 
mineral, scarcely existed in English before the year 1602. The word does not occur in 
the Authorised Version of the Bible, though there is frequent mention of beasts of the 
field, fowls of the air, fish and things creeping innumerable. Latin on the other hand 
used the word animal in the widest sense, as we use it now, including both man 169 and 
insects, ©! and indeed the whole of creation thought of as animated matter, '®” but 
for vegetable classical Latin had only the phrase ‘a thing which comes to being from 
the earth’, !63 and for mineral had only metalla, meaning specifically mined products. 
The term mineral in any language is quite clearly a convenience label. In Western 
languages there have been two approaches towards getting the reader on to this 
network. One was by using the ancient Gaullish term mine, meaning a shaft sunk 
in the ground, and calling the things which were dug out of it ‘mineral’. The other 
was by excluding those things which it was not, ‘any natural substance that is neither 
animal nor vegetable’, as it was regarded in England in 1602. !%* It was only at the 


159 See above, p. 108. 

160 “This foresecing, shrewd, many-sided . . . animal, which we call man’, ‘Animal hoc providum sagax multi- 
plex... quem vocamus hominem, Cicero, De Legibus, 1, 7, 22. 

16! -Formicae, animal minimum’, “The ants, least of animals.’ Pliny, Natural (History, VIL, xv, 13 (63). 

162 -Hunc mundum animal csse, idque intelligens . . . , [That] this world is animal, and that it has understand- 
ing. ..’. Cicero, Timaeus, 3, 4. 

163 “Res quac gignitur e terra’. Cicero, De Finibus, 4. 5, 13- 

16t Murray ef al. (1933), vol. 6. p. 466. 
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beginning of the 17th century that the classification of things as animal, vegetable 
and mineral required new terms. The same need arose in China rather later, on 
contact with the West, with the result that the terms, instead of evolving haphazard, 
could be devised on a logical system, so that living things, sheng-wu + 4, are sub- 
divided into moving things (animals), tung-wu #4, and growing things (the vege- 
table kingdom), chih-wu #44, as opposed to mined things (minerals), khuang-wu 4% 47). 

Once the Erh Ja had established a framework, the progress of formal classification, 
especially in botany, proceeded apace. ‘lo illustrate it, one may refer to the early Han 
work, whose author is uncertain, the Shen Nung Pen Tshao Ching already described in 
some detail above. !® From the fortunate survival ofa manuscript of the preface to a 
later work by Thao Hung-Ching pg3,%, ®® the Pen Tshao Ching Chi Chu FE RE y 
commenting on and amplifying the Shen Nung Pen Tshao Ching, we know that, like 
the Erh Ja, though for quite a different reason,'® it contained three chiian 4 or 
chapters. These dealt with 365 substances — animal, vegetable and mineral — which 
could be used for sustaining health and curing illnesses. Thao Hung-Ching lists these 
substances and others which he added to a total of 730, under what he called ‘the 
categories of things’ (wu lei 47 48), as follows: gems and stones (yii shih RA), grass and 
trees, i.e. vegetation (tshao mu #7), these four covering 356 items altogether; and 
then fruits (kuo È), vegetables (tshat %), rice (mi3k), and lastly ‘food’ (shih A), perhaps 
meaning other food grains. As all but the preface of this text is lost we cannot be 
sure, 

Already some of the problems of classification have begun to appear. Classification 
implies a network, and a network implies an objective. If the objective of a network 
is eating, both rice and fruit will be classified as food. It will be noted that the items 
listed above, which can be eaten as food, are grouped together, and separated from 
the minerals and the vegetation. If the objective of a network is healing, then fruit, 
and the bark of trees, such as cinnamon or quinine, will not be regarded as food, 
though they can be used in cooking, but as medicaments. If the objective of a network 
is linkage, in order to explain behaviour, as when it is noticed that some trees will 
accept grafts without difficulty, but others not at all, or in society how some nobles 
pay deference to others of higher rank, a quite different form of classification will 
be required, involving different levels, family trees and hierarchies. Early Chinese 
pharmacopoeias combine the networks of the pharmacist and the dietician. 

As categories were increased and specialisation developed, particularly when ma- 
terials never seen in China before began to pour in from the southern lands, and 
later from beyond the southern seas, just as they did into Europe from the Americas 
and the Indies, specimens began to be classified under wrong categories, terms were 


165 See SCC, vel. 6, pl. 1, pp. 235 fF 

'66 This was described in SCC, vel. 6, pi. 1, pp. 244 IÈ. and n. I where a portion of the manuscript recovered 
from either Turfan or ‘limhuang was quoted in translation. The title of the lost work was Shen Nung Pen Tshao Ching 
Classical Pharmacopocia of the Heaventy Husbandman). 

L5! l ) 
The classification of items according to pharmacological grading in three chapters cutting across natural 

glop gical g 8 P S 

categories is discussed in SCC. vol. 6, pt. 1, pp. 242-3. 
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'68 The heroic work of reducing to order the 


duplicated, and confusion was rife. 
mineralogy, metallurgy, mycology, botany, zoology, physiology and other sciences as 
they existed in China in the 16th century was undertaken by Li Shih-Chen 484%. 
occupying him from his thirtieth year till his seventieth in the most strenuous labour 
and travel. His great encyclopaedia, the Pen Tshao Aang Alu KLAE was published 
in 1596, three years after his death. We have already quoted from it in a previous 
volume, and will do so again, !® for his words make it clear how far China had come 


on the road towards scientific classification. 


In the writings of old, gems, minerals, waters and earths were all inextricably confused. 
Insects were not distinguished from fish, nor fish from shellfish. Indeed some insects were 
placed in the section on trees, and some trees were placed in that on herbs. But now every 
group has its own Section. (he sequence is as follows:) at the head come waters and fires, 
then come earths, for water and fire existed before the myriad things, and earth is the mother 
of all the myriad (inanimate and animate) things. Next come metals and mincrals, arising 
naturally out of earth, and then in order herbs, cereals, (edible) vegetable plants, fruit-bearing 
trees, and all the woody trees. ‘hese are arranged according to their sizes in an ascending 
order, starting with the smallest and ending with the largest. A Section on objects that can be 
worn by human beings follows (this is logical since most of them come from the plant world. 
‘Then the tale continues with insects, fish, shellfish, birds and beasts, and mankind bringing 
up the rear. Such is (the ladder of beings), from the lowliest to the highest. '7? 


In this broadly conceived pharmacological encyclopaedia the trend in classifi- 
cation is clear. The general terms are very general, the specific terms increasingly 
specific, and within each ‘envelope the items are serialised in a logical order. More- 
over, as with the Ærh Ja, there is a logical sequence running through all the topics 
treated. In the Ærh Ya it was the thread of interest in ancient ritual and tradition. 
Man did not feature as a general category at all. Man was implicit throughout. The 
book began with his words, went on to his relationships, his buildings, utensils and 
music, and so out to the wide world and all its creatures, It is interesting that even in 
the £7h Ya animals were listed in an ascending order, from the lowliest to the most 
highly developed. In the Per Tshao Aang Afu a sense of man’s evolution is developing. 

In the Pen Tshao Kang Mu there are in fact fewer general categories than in the Erh 
Ja, sixteen as compared with the carlier nineteen. But these sixteen terms have either 
far greater covering power, or more precise frontiers. The rh da, for example, placed 
domestic animals and wild animals in separate categories. The Pen 7shao hang Mu 
covers all beasts with the now more generalised term shou ġġ and whereas the Lrh Ja 
had covered things that swim with the general word yü #, regardless of whether they 
had scales or carapaces or lacked them, the Pen 7shao Kang Mu made this necessary 
distinction. It is also a significant indication of the rise of scientific thinking that Li 
Shih-Chen made free use of the old theory of the Five Elements (wu Asing A 47). 
adopting it when it was useful, discarding it when it was not. Thus the first three 
categories in his system of classification were water (shud 7k), fire (Auo K) and earth 
(thu +). A devotee of the Five Element Theory would no doubt have followed these 


188 SCC, vol. 6, pl. i p. 311. "69 SCG, vol. 6 pt. 1, p. 315. 
' On the ‘ladder of souls’, see SCC, vol. 2, p. 22, Table 10. 
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with metal and wood. But Li Shih-Chen used the first three because they fitted in 
with his evolutionary theories, whereas mu 7, (wood) he used in the precise sense 
of woody trees as opposed to fruit-bearing trees, and chin £ (metal) he combined 
with sh % (stone) to make a compound meaning mincrals, capable of subsuming 
far more under its general classification than metal alone. 

In the world of plants he had five categorics ~ herbs, cereals, edible vegetables, 
fruit trees and woody trees. The first of these, herbs (¿shao #), was subdivided into 
ten classes. ‘he characteristic of these classes is not the plant’s sex organs, or even 
its structure, but ease of finding. !7! 

When ease of finding was the main criterion of arrangement, much would depend 
on the aim of the sceker. To divide trees into two categories, fruit trees and other 
trees, may have helped a physician or apothecary quickly to find the recipe he 
needed, but was not conducive to the working out of phylogenetic connections. 
There were, however, scholars whose interests were wider ranging, who sought to 
establish the reasons for things being as they are, and for their inter-relations, as, for 
example, Khou Tsung-Shih $% % # whose book entitled Pen 7shao len I RB AFH 
(Dilations upon Pharmaceutical Natural History), printed in +1 118, carries a wealth 
of interesting observations and which points out, for instance, that ‘stone snakes’ 
(ammonites) could not properly be regarded or classified as snakes in the strict sense 
of the term. 17? 

In this same century we are given a clear appreciation of the classification of 
living things at different levels by Chu Hsi & Æ (+1130 to +1200) who is reported as 
follows: 


Someone said: ‘Birds and beasts, as well as men, all have perception and vitality, though 
with different degrees of penctration. Is there perception and vitality also in the vegetable 
kingdom? 

(The philosopher) answered: “There is indeed. . . . But the vitality of the animals is not on 
the same plane as man’s vitality, nor is that of plants on the same level as that of animals.” !” 


Classification at different levels had already had a long history expressed in the form 
of the doctrines of the ‘ladder of souls’. In SCC Volume 2 we tabulated the doctrines 
of Aristotle (~4th century), Hsiin Chhing 4 189 (—3rd century), Liu Chou 44¥ (+6th 
century) and Wang Khuei $3# (+14th century).'!’? Chu Hsi introduced new ideas 
which reached a point of considerable sophistication. 

Organic things he classified in three levels, low (plants); middle (animals); and high 
(man), these being placed above inorganic things, with which are to be included things 
dried and withered, from which life has died. These four vertical levels may also be 
classified horizontally according to six degrees of functional development. All things, 
according to Chu Hsi’s philosophy, have pattern (/: $2), natural endowment (Asing 
4) and specificity (Asin xy). Ascending to the level of plants, life, or the vital impulse 


'71 This analysis is derived from the passage cited above, p. 156. 

72 Sec above, SCC, vol. 6, pt. p. 287. For further details on the Pen Tshao len L see SCC. vol. 6, pt. 1. pp. 283 fF. 

U3 For the vivid sense of unity of men with all other living things see SCG, vol. 6, pt. 1, pp. 442-3, referring to 
Honan Chheng Shih 1 Shu, AB ZK ch. 18, pp. 8b. ga. Scc also above, SCC, vol. 2, pp. 568 T. 

4 SCC, vol. 2, p. 22, Table ra. 
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(sheng-i 4 Æ), and some form of perception, such as may be observed in plants which 
react to contact (chih-chiieh 40%), are now present. At the higher level of animals may 
be found ‘moral concepts’ (i-k %34), rudimentary and limited, however, or as we 
should perhaps say now, instinctive, but, by a subdivision to the highest level of all, 
that of man, they are ‘comprehensive, embracing everything in some degree, but 
diffused, and therefore more casily obscured’. !’° 

Hierarchic classification leads to the thesaurus-type encyclopaedia in which in- 
formation is grouped according to an inverted dendritic pattern. This is the pattern 
followed in the great encylopaedias of China, and in the series of which this volume 
forms a part. To retrieve information from such books it is necessary to consult the 
dendritic pattern and decide under which head the required information is most 
likely to be found. Nevertheless retrieval of information from books composed on 
the dendritic pattern is inefficient without the supplementary aid of an index, on 
which Christoph Harbsmeier has written in SCC, Volume 7, part 1. First, however, 
it may be noted that the logographic script of China itself favours a classificatory 
mode of thought. In Volume 1 (p. 30) we wrote concerning determinative- phonetic char- 
acters: ‘A determinative is an element (a radical) added to a phonetic to indicate the 
category within which the meaning of the word is to be sought’, and to illustrate this 
the determinative shui zx, in its most general sense of ‘liquid’, was shown combining 
with different phonetics to indicate words meaning froth or foam, waves or billows. 
lacquer, branching streams and the sea. There are today some 45@ characters which 
have this determinative, and most can be classified as being related in seme way 
to that which is watery, though naturally some have been distorted by time, and 
in some the connection is fanciful or far-fetched. But the classilicatory tendency of 
the Chinese script is still at work, and with beneficent effect, m modern scientific 
terminology, where the chemist immediately knows that a substance is normally 
a gas because it is classified under the gas determinative chhi & or a liquid or a 
metal because it has the determinatives shut zk or chin 4s signifying this condition or 
structure. |/° 


(4) A Case Stupy: DESCRIPTION OF THE PLOUGH 


It is time we turned to actual examples of how Literary Chinese functioned as 
a medium for scientific and technical discourse. Our first case study chosen for 
analysis will be a straightforward +gth-century description of a Chinese plough, 
the most important of agricultural implements. It would, however, be instructive 
to compare this Chinese account of it with descriptions in other languages, and 
preferably to compare classical Chinese with classical Latin. Unfortunately no very 
detailed description of a plough survives in Latin. A shorter passage must therefore 
suffice. But by contrast there is an interesting description of a plough written in 
16th-century English, at a time when that language was just beginning to develop 


" Chu Teu Chhiian Shu, ch. 42, pp. 29a tf. See SCC, vol. 2, p. 568. 
US See SCC, vel. t, pp. 30-1. and vol. 2, pp. 220 ff. The point is also made by Gerr(ig42). p. 55. who refers also 
to Spooner (1942). 
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its technical and scientific applications. In each of these accounts no use was made 
of illustrations. ‘lhe authors had to rely on language alone to paint the picture and 
express the ideas. !7” 

‘The Latin example is provided by Pliny the Elder, writing in the +1st century, with 
the full resources of the libraries of the ancient world sull unaffected by barbarian 
invasion and economic collapse, with the scientific schools of Alexandria still pro- 
ductive, and with communications as good as they ever would be till modern times. 
Pliny was less interested in agricultural machinery than in different types of crop and 
seed, but he does describe in his Natural History the different types of ploughshare 
known to him. !78 He was certainly well aware of the inefficiency of the ploughs used 
in many parts of Italy, where ‘eight oxen strain panting at one ploughshare’.!”? He 
writes: 


Ploughshares are of several kinds. The coulter (cutter) is the name for the part fixed in front of 
the share-beam (dentale), cutting the carth before it is broken up and marking out the tracks 
for the future furrows with incisions which the share (vomer), sloping backward ts to bite out 
in the process of ploughing. Another kinclis the ordinary share consisting of a lever, i.e. a bar 
ending in a pointed beak (rostrati vectis), and a third kind used in easy soil does not present an 
edge along the whole of the share-beam but only has a small spike at the extremity (exigua 
cuspide in rostro). In a fourth kind of plough this spike is broader and sharper, ending off in a 
point (mucro), and using the same blade (gladius), both to cleave the soil and with the sharp 
edge to cut the roots of the weeds. An invention was made not long ago in the Grisons 
[Switzerland, then Raetia Galliae] fitting a plough of this sort with two small wheels — the 
name in the vernacular for this kind of plough is plaumorati (sic! for plaumoratum); the share 
has the shape of a spade (effigiem palae).'®" 


"7 Befere the invention of printing there was less recourse to illustrations to make clear the intricacies of 
machinery or the structure of organisms. One must, however, mention the three ancient Greek artillery manuals 
preserved in the Codex Parisinus inter supplementa Graeca 607 (sec Marsden (197 1), p. 11), in which there are diagrams in 
colour. These manuscripts were bound and placed in the library at Buda c. 1450. Their early history is not known. 
We have mentioned in vol. 6, pt. 1, p- 3, how the medieval text of Apuleius Platonicus’ De Herbarum Virtutibus (e. + 50h 
century), when printed in Rome soon alter 1480, previded the first printed illustrations of plants. (Sarton (1927), 
p- 296.) Cratevas, the physician to Mithridates, King of Pentus, had, however, in the —rst century published an 
Ulustrated herbal in atleast five books (Sarton (1927), p. 213). From these perhaps derive the wonderful illustrations 
of plants in the Juliana Anicia Codex of Vienna of +512. One reason for this paucity of illustrations was perhaps 
that whereas many were able to copy texts, lew had the talent to draw. After the invention of printing, one good 
woodcut ofa flower or mechanical contrivance could be repeated again and again. The study of botany in particular 
benefited. No modern textbook would aitempt to describe the working ofa machine without an illustration. See 
for example the description of the functioning ofa plough in Anon. (1972), vol. 1, p. 430. The invention of printing 
was vital for the development of the scientific revolution in two ways: (i) the dissemination of infurmauon, and (ii) 
fuprevemant in the quality of the information disseminated. 

8 Graeco-Roman literature offers no good description ofthe plough as a whole. Virgil (~ ist century) in Georgics 
E 68-72 and 174, gives five lines of poctic description, and Varro (—tst century) m Lingua Latina, 5.134, gives the 
technical terms for eight parts of the plough, but adds details of construction only if of etymological interest. It 
must, however, be remembered that of the 490 books written by Varro, ‘the most learned of the Romaus’, only two 
survive, 

"9 -Cum multifariam in Étalia octoni boves ad singulos vomeres anhclent.’ Pliny, Natural History, XVM, 47, 170; 
w. Rackham (1950). vol. 5. p. 297. 

8° Vemerum pluragencra: culter vocatur inf.xus praedentali priusquam proscindatur terram secans futurisque 
sulcis vestigia praescribens incisuris quae resupinus in arando mordeat vomer. alterum genus est volgare rostral 
vectis. tertium in solo facili non toto porrectuun dentali sed cxigua cuspide in rostro. lauor haec quarto generi et 
acutior in mucronem fastigata codemque gladio scindens solunt ct acie laterum radices herbarum secans. non 
pridem inventun in Ractia Galliac ut duas adderent tali rotulas, quod genus vocant plaumorati; cuspis cfigicm 
palae habet Pliny, Natural History, XVIL 48, 171, tr. Rackham (1950), vol. 5, p. 297- 
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Being less interested in machinery for its own sake than in its use, Pliny only 
describes those features of the plough which affect the method of working. A heavy 
plough needs eight oxen to pull it. A ploughman must stoop if the furrow is to be 
straight. A certain type of coulter can be used on a certain type of soil. Even in the 
passage just quoted there is no indication of how it was used, and how much work it 
would do in a day. The nearest he comes to describing the appearance of any part 
of a plough is when he says that this share has the shape of a spade. 

Within the limited area of his description Latin provides Pliny with a fair vocab- 
ulary of technical terms indicating the simpler shapes. He has vectis for the solid bar 
used as a coulter, mucro for a sharp point such as one finds on a sword, rostrum for 
that which curves to a point in the manner of a bird’s beak, and the useful word 
Jastigare meaning ‘to taper to a point’. Dentale on the other hand can be ambiguous, 
for in Latin it means both the share-beam and the share, though which is intended 
is likely to be made clear from the context. In attempting to describe the shape of 
a plough-share he is less fortunate. Spade-shaped only helps if one already knows 
the shape of the spade in question. Resupinus, meaning literally ‘lying on its back and 
then bent backwards’, is some way towards suggesting how a share with mouldboard 
is shaped, but in the 18th and early rgth centuries all such words had to be tightened 
up to meet the needs of botanical description. We find, for example, such terms as in- 
versus, revolutus, involutus, convolutus, reclinatus, resupinatus, inclinatus, inflexus, and so forth. 
all with very precise meanings. '*! When it comes to directions, classical Latin is even 
less happy. Rectus is a straight line, whether horizontal or vertical. If a furrow cuts 
across it, that would be ¢raversus, and this word is used te indicate cross-ploughing, as 
is also obliquus. But as obliquus means ‘to one side and not straight on’, it can also mean 
‘on its side’, ‘awry’ or ‘sloping’. The sentence ‘omne arvum rectis sulcis, mox et obliquis 
subigi debe ?® could then mean not only that every field must be cross-ploughed. 
but also that in the later ploughing there should be an adjustment of the share and 
mouldboard so that the earth is turned at a greater angle to the furrow, ifon Roman 
ploughs that was technically possible. Again, in talking about ploughing on hillsides, 
the phrase ‘traverso monte’ should mean ‘at right angles to the slope’, but as this has 
to be done with the share ‘sometimes pointing uphill and sometimes downhill’, and 
as no one ploughs straight up or clown a steep hill, in practice this can only mean 
‘diagonally to the slope’. !®” 

The most important part of the ploughing operation is when the share either cuts 
through the roots of the weeds, or slices the earth below the weeds and turns the 
whole sod over, burying the leaves andexposingthe roots. This operation is described 


by all three of the authors here to be considered. Pliny says that the fourth type of 


plough-share cuts through the roots of the weeds, but he does not say that it turns 


'81 Stearn (1966). pp. 345-6- 
192 Pliny, Natural History, XVM, 48, 178, w. Rackham (1950), vol. 5, p. 301, “Every field must be worked with 
straight furrows and then with slanting furrows as well’. 


183 <.. in collibus traverso tantum monte aratur, sed modo in superiora modo in inferiora rostrante vomerc’. 
Ibid. 
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them upside-down, nor whether the earth is pushed to one side of the share only, 
as in modern ploughs, or to both sides, as in primitive ploughs, though it may be 
inferred that he means the latter, since he writes that the sides (i.e. the two sides) of 
the share cut the weeds. 

When technical terms are needed, no civilisation seems unable to produce them, 
providing a concept is clear. ‘The Romans, for example, needing a term for plough- 
share, produced vomer from the idea of the share vomiting the earth sideways as it 
goes along — imagery not inappropriate to the inventors of the vomitorium! Chinese 
also is rich in the metaphorical application of words to create technical terms, as 
was illustrated in SCC Volume 5, part 7, in such names as ‘great wind-chasing gun’. 
The importance of words which precisely establish position, direction, insertion, 
appearance and relation of parts, as well as temporal relations and sequences, and of 
course precise measurements, are all better appreciated after the study of a text such 
as those describing the plough, though the plough itself is far easier to describe than 
some of the plant forms which challenged 18th-century botanists to improve their 
technical terminology, till they had arrived at a total of over 474 adjectives essential 
for this purpose. !* 

Precision in terminology results from conceptual differentiation of the components 
of a complex entity. '8° For Pliny the word calyx stood for such an entity, but it had not 
yet in his day been differentiated. It stood not only for the coverings of fruit and of 
heaps of charcoal during its preparation, and for the shells of eggs and of molluscs, 
but also for all those parts of a plant which have since been differentiated and are 
now known as the involucre, the cupule, the perigon, the calyx itself, the capsule and the 
pericar p.'®° In the words of H. W. Rickett, ‘A rational terminology mirrors that upon 
which it is based, an understanding of the things concerned’. *” ‘No science can 
advance without forming a specialised vocabulary economical and precise in desig- 
nating things and concepts; just as the lack of a suitable word hampers discussion, 
so the provision of one often leads to better understanding of the object or concept 
concerned.’'®® When an idea is new, lack of terms may put a strain on the writer 
who is trying to express the new idea. But if motivated, he will find a way. Pliny 
was not motivated to give accurate descriptions of ploughs, or to seek the causes 
of their inefficiency, because in his day there were slaves in abundance to do the 
work. 

The author of the next passage, however, was highly motivated. This was 
John Fitzherbert, an English yeoman farmer, who in 1523 published The Boke of 
Husbandrye.'®° His reason for writing it is made clear in the opening section on 


184 Stearn (1966), pp. 314 49- 

83 For example, Georgius Agricola (1490 1555) used the term aguavalens to mean hydrochloric, nitric and 
sulphuric acid, because in the 6th century the complex of acids had not yet been conceptually differentiated. Only 
after this had been donc could morc precise terms comic into usc. 

186 Stearn (1966), p. 22. 

187 Rickett (1944), pp. 187-231, quoted by Stearn (1966), p. 34. 188 Stearn (1966), p. 10. 

189 For information concerning Fitzherbertwe are much indebted to the author of SCC, vol. 6, pt. 2, ‘Agriculture’, 
Francesca Bray, who has greatly helped our understanding of the construction of ploughs. 
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ploughing: “Then is the plough the most necessary instrument that an husband can 
occupy, wherefore it is convenient to be known, how a plough should be made’. 
His aim is to describe the plough so accurately that it can be made from his in- 
structions. This shift in motivation reflects the changed attitude to machinery which 
the Industrial Revolution was eventually to develop. What particularly distinguishes 
the writing of Fitzherbert from that of Pliny when describing ploughs is that he not 
merely states the function ofa particular part ofthe implement, but sometimes gives 
rough measurements and tries to explain why it has a particular shape, or what 
would happen if it were different. For example, he says that the share-beam is ‘four 
or five feet long, and it is broad and thin. And that is because the land [in Somerset] 
is very tough [i.e. sticky] and would suck the plough into the earth ifthe share-beam 
were not long, broad and thin. In other words, the share-beam has something of 
the function of a ski in sliding over the earth. If the ploughwright understands the 
reason why it should be so, it will help him to build his plough efficiently. 
Fitzherbert starts his description in a systematic fashion. He wishes his reader to 
be able to visualise (see Fig. 19) the four main pieces of wood which compose the 
framework of the plough. He gives their names as the plough-beam, the share-beam, 


the plough-sheath, and the plough-tail. It would have been convenient ifhe had been 
able to write somewhat as follows: 


‘The first two are horizontal imbers roughly parallel to cach other, the former above the 
latter, kept securely in position by a piece of good quality oak, which is a vertical post, called 
the plough-sheath, morticed into the beams above and below. ‘The fourth timber is morticed 
into the rear end of the share-beam, and comes up not parallel to the plough-sheath, but at 
an angle to meet the plough-beam, which passes through a slot in its upper end. The angle 
can be determined when one knows the dimensions of the other parts. 


Unfortunately Fitzherbert was not able to write so precise a description. One 
reason was simply the lack of necessary terms. In 1523 when he was newly correct- 
ing his book, the word parallel had not yet been adopted into the vernacular language 
of England. It made its first recorded appearance in a mathematical context in 1549, 
but was not used to describe ‘mechanical contrivances of which some parts are par- 
allel’ until 1594.!°° Similarly, the word Aorzontal did not enter the English language 
until 1555, and then only in the sense of belonging to the horizon, or occurring at it. 
Not until 1638 was it used in the sense of parallel to the plane of the horizon. Fértica/ 
made its first recorded appearance a little later, in 1559, and then chicfly in astronom- 
ical contexts. It is not known to have been used to describe mechanical appliances 
until 1825. 

The word parallel was, of course, invented or adopted by the ancient Greek math- 
ematicians, and was essential for their geometrical proofs. In mathematical con- 
texts the word was familiar throughout classically educated Europe, but it was a 


190 Shorter Oxford Fnglish Dictionary (1972). p. 1429- 
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Figure 19. Diagram illustrating English and Chinese ploughs. 


mathematician’s term, and not used in the market place. With the rise of the ver- 
nacular languages of Europe and the decline of the classical language, such words 
as parallel naturally came to be used in the vernacular languages in mathematical 
contexts. It may seem surprising that the word parallel was not applied to ‘mechan- 
ical contrivances’ until some two generations after its first appearance. Yet this is 
only surprising if one forgets the social and intellectual gap which existed between 
educated mathematicians and unlettered carpenters or ploughwrights in the 16th 
century. The words horizontal and vertical, however, did not exist at all in classical 
Latin, but were Renaissance developments. ‘To the Romans, horizons were merely 
lines of demarcation such as separate the sea from the sky, or were the outlines of 
buildings marked out on the ground. 
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The Greek word horzein also had the special sense of ‘to define the meaning of 
words’. The horizon was not thought of as a line or direction at right angles to 
that which today we call the vertical. These words which have become so essential 
only began to be needed during the Renaissance as a result of the new attitude to 
mechanical contrivances. How then did Fitzherbert, using the vernacular language 
of England in the 16th century, !?! describe the plough for the benefit of those who 
knew what it looked like, but might want to make improvements in its design? He 
begins by defining the plough-beam as ‘the long tree above, the which is a little bent’, 
and the share-beam as ‘the tree underneath, whereupon the share is sev. The word 
tree is not often used today in the sense of a beam, though it causes no real difficulty. 
But two other points may be noted. One is that no precise climensions are given, 
or even proportions derived from one measured unit, as was the practice with early 
military engineers in classical times, '92 and the other is that, as so often in Chinese, 
the comparison of acljectives is implied but not made morphologically explicit. !% 
As the plough-beam is ‘the long tree above’ it follows that the share-beam is not the 
equally long tree below, but that the upper beam is longer than the lower. Today it is 
the practice to make instructions explicit. There is, however, nothing misleading in 
what Fitzherbert has said in this particular, but when he says that the plough-beam 
is ‘a little bent’, his description is clearly defective, for we do not know in which plane 
it was bent. This defect is avoided by the skilled use of analogy in the description of 
a Chinese plough written by Lu Kuci-Meng f 4% # to be examined below. 

The plough-sheath is the next part of the frame to be described. It is of cardinal 
importance, for if it did not hold the upper and lower beams rigidly together, the 
plough would soon become a rickety contraption. Fitzherbert says that the plough- 
sheath is ‘a thin piece of dry [i.e. seasoned] wood made of oak, that is set fast in a 
mortice in the plough beam and also into the share beam, the which is the key and 
the chief band [bond] ofall the plough’. 

As no measurements arc given, the ploughwright would have to judge how long 
and thick the plough-sheath should be from common sense and his knowledge of 
ploughs in general. But it is more serious that no indication is given as to whether 
this post, the plough-sheath, is vertical, meeting the share-beam at right angles, or 
whether it is morticed obliquely, as the plough-tail or handle undoubtedly is. The 
description says: 


The hind end of the plough beam is put in a long slit made in the same tail and not set fast, 
but it may rise by and go down, and is pinned behind, and the same plough tail is set fast in 
a mortice in the hinder end of the share beam. 


t31 To make his description easier to follow, some modernisation of Fitzherbevt’s Tudor spelling has been made. 

2 Heron, in his Artidfery Alanat, gives the dimensions only of the base of the gastraphetes whose construction he 
describes (a machine first introduced in the carly —4th century), Heron, however, was of the +1st century. Biton 
(-3rd century) describes the gastrepheles with precise measurements. Sce Marsden (1971), pp. 27 and 67. 

'93 As Harbsmeicr in SCC, vol. 7, pt. 1, p. tot, has put it: “Fhe notion “comparative construction” is systematically 
redundant in the grammatical system of Ancicnt Chinese. But this docs not commit one to the obviously mistaken 
view that the ancient Chinese could not compare things, for example, for size and quantity! 
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Fitzherbert continues to describe all the pieces of the plough which are made of 
wood with increasing lack of clarity, until he comes to the sen-board, of which he has 
this to say: “To the other side of the stilt in the hind end, the sen board is a thin 
board, pinned or nailed most commonly to the left side of the sheath in the further 
end, and to the plough tail in the hinder end. And the said shelboard would come 
over the said sheath and sen board an inch, and to come past the midst of the share 
made with a sharp edge to receive and turn the earth when the coulter hath cut it’. 

‘This description, lacking information about size, shape and the angle at which 
the board is set, leaves much to be desired, There is, however, rather morc precision 
when he describes the metal parts of the plough, perhaps because rectif ying mistakes 
in metal would be a more costly business. The share is described as ‘a piece of iron 
sharp [1.e. angled] before and broad behind, a foot long’. This is at least more 
accurate than Pliny’s description of the share in his fourth kind of plough whose 
‘spike is broader and sharper, ending off in a point’. Fitzherbert goes on to explain 
that it is ‘made with a socket to be set on the further end of the share beam’. 

It is scarcely possible accurately to reconstruct Fitzherbert’s plough from his de- 
scription alone. ®? He is handicapped by the undeveloped state of the English lan- 
guage in his day, andeven more because the discipline of precise scientific description, 
which had begun long before with astronomy and mathematics, had not yet spread 
very far into the other sciences. What is lacking is measurement of angles, dimen- 
sions of timbers, relative positions of the parts, better description of shapes, or, if 
this is not possible, a more consistent explanation of the work the part is meant 
to do, and a better grouping of the parts to be described in such a sequence that 
those already described help the understanding of each of those in turn which are to 
follow — a Euclidean orderliness, as it were, developing from simple to complex. In 
Western Europe the discipline of mathematics and astronomy spread fairly quickly 
during the Renaissance into navigation, mechanics, and ballistics, and so hastened 
the birth of scientific method. If, as in China, the main national emphasis had been 
on agriculture, the rise of scientific method would certainly have taken longer, be- 
cause of the greater complexity of organic matter and the difficulty of isolating the 
variables in botany, though mechanics could have been stimulated by a social need 
to develop agricultural machinery. 

It is now time to consider Lu Kuei-Meng’s f£ f # description of the Chinese 
plough. Francesca Bray says of the Chinese plough that already by Han times it had 
achieved a level of perfection and sophistication found nowhere else in the world. By 
Thang times it had developed a heavy share, a mouldboard and an adjustable strut. 
‘The adjustable strut is a fundamental development in the Chinese plough, for . . . it 
permits a precise regulation of ploughing depth . . . to suit different crops, soil types, 
seasons or weather conditions’. !"? Lu Kuei-Meng, the author of A Classic ef the Plough 
(Lei Ssu Ching & #648) written in +880, was a member of the official class who, during 


191 Nevertheless for an attempted reconstruction see Figure 19, reproduced from SCC, vol. 6, pt. 2, p. 140. 
93 SCC, vol. 6, pt. 2, p- 169. 
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the unpaid periods between official postings, supported himself by farming on his 
small family estate. So far from despising manual work he felt that in labouring on 
the land, or atleast in supervising the labours of others, he was following the example 
of the Heavenly Husbandman, Shen Nung ## #.'"® His curiosity led him to enquire 
from a more practical farmer details concerning the terminology and structure of the 
plough, and these he recorded, not, as with Fitzherbert, for contemporary farmers 
to use, but from a characteristically Chinese love of recording useful information, 
‘thereby transmitting hope’. In judging his style it must be remembered that Lu 
Kuei-Meng was very much a member of the literati class, even ifhe occasionally got 
his hands dirty. He was familiar with the devices of an elegant style, and subject to 
the literary class pressures of his day.'°’ Yet he handles the literary language with skill 
and clarity in his description of the plough. Even more striking 1s the disciplined and 
methodical way in which he sets about his description. This may now be summarised. 

His introduction stresses the antiquity of the plough, and its importance for civil- 
isation. He then states the source of his information, an old farmer who worked 
on his estate, whose clear explanation of the names and parts of the plough was a 
revelation to him. He next runs through the nomenclature, the two parts made of 
metal, and the nine parts made of wood, a total of eleven in all. These eleven parts 
are then grouped into three coherent features: (a) parts concerned with forming a 
ridge of earth; (b) parts concerned with regulating the depth of the furrow; and (c) 
parts concerned with the traction and steering of the implement. 

He begins his explanation by defining the ridge, whose creation is the main purpose 
of the act of ploughing. Soil in the form of clods is thrown up by the share,!98 and 
turned over by the mouldboard. The reason for turning the earth over, in order to 
uproot the weeds, which does not occur in more primitive ploughs, is explained. 
Lu Kuei-NIeng then uses the literary device of parallel sentence patterns to extract 


additional clarification from very few words. After pointing out the importance of 
uprooting the weeds he says: 


That is why the ploughshare is elongated and remains below [i-e. on the bottom of the 
furrow], [and why] the mouldboard is swept backward and remains above. (Au chhan yin erh 


chii hsia, pi yen erh chü shang. k Im E PEET EE 


The word yen, here translated as ‘swept backward’, is normally used to describe 
branches curving under the weight of snow, or grasses bending before the wind. In 
this case itis not wind, but the pressure ofthe earth asitis ripped by the ploughshare, 
which dictates the form that the mouldboard must assume in order to invert the ridge. 
Itis an interesting question whether this manner of describing a piece of machinery, 


1% Shen Nung, the Heavenly Husbandiman, wasa minotaur-like deity, and the legendary inventor of agriculture. 
See SCG, vel. 1, p. 163. 

197 Sce Thilo (1980). who refers to Lu Kuei-Meng’s ‘Tea Book, and to his poetry. 

198 Tt is commonly believed that the Chinese used an iron share some centuries before it was introduced in 
Europe, but continued to do so long after the European iron share had been replaced by one of steel, which would 
be less brittle. But it has recently been discovered that the Chinese shares were in any case not brittle, being made 


of malleable cast tron, produced by a week or morc of annealing, and this in the -2nd century for a process not 
known in Europe until the +18th. 
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in which the function is related to the shape, can be improved on. Certainly the 
very precise botanic terms do not really help. Lindley’s botanical terminology, '*” 
for example, gives us reflexus (No. 411), ‘suddenly bent backwards’, retrorsus (No. 419), 
‘turned ina direction opposite to that of the apex of the body to which the part turned 
appertains’, znérersus (No. 420), ‘turned towards the axis to which it appertains’, 
extrorsus (No. 421), ‘turned away from the axis to which it appertains’, decumbens 
(No. 424), ‘reclining upon the earth, and rising again from it at the apex’, but none 
of these, more accurate though they may be than Pliny’s resupinus, fully describes the 
shape ol the mouldboard in a Chinese plough whose graceful curve has something 
in common with a breaking wave driven obliquely onto a gently sloping beach. 
We may sympathise with Locke’s powerful advocacy of pictographic script when he 
wrote: 


Words standing fer things that are known and distinguished by their outward shapes should 
be expressed by little draughts, i.e. outline-drawings and prints made of them. A vocabulary 
made after this fashion would perhaps, with more ease, and in less time, teach the signification 
of many more terms than all the large and laborious comments of learned critics.” 


The word yin 5| on the other hand suggests the opposite, a line as straight and 
tense as a bowstring, or an arrow about to be discharged,””! an excellent term for 
describing that part of the plough which leads the attack on the opposing earth. ‘The 
vividness of Chinese similes and metaphors, and the skilful choice of words for this 
purpose, greatly contribute to the accuracy of Chinese scientific writing. 

Further description of these two parts in a second parallel couplet is then provided. 


The ploughshare shows its upper part angled. The mouldboard [is] formed [with its] lower 


part rounded. (Chhan piao shang ti. Pi hsing hsia yiian. 4% 4 £4'b 2270 FB) 


Writing of the Japanese language, Stanley Gerr has said that it ‘has absorbed 
many of the virtues of the Chinese technique of expression: conciseness, convenience, 
accuracy, and frequently a vivid and picturesque phraseology’.””* These are illus- 
trated in the above passage. 

In fairness it should be pointed out that Lu’s use here of the word yian [f], round, 
leaves something to be desired. The word can mean circular, concave, convex or 
even dished. But it is extremely unlikely that so practical a man as Lu would have 
introduced it merely as a literary conceit for the sake of formal antithetical balance. 
In its context, in fact, it is quite clear, as Francesca Bray has pointed out," that the 
mouldboard is ‘curved at the base [to fit tightly against the share]’, that is to say, 
a snug fit is required over that part of the share where the metal swells out to be 
socketed with the share-beam. So far Lu Kuei-Mleng has succeeded in giving a clear 
description of the most important parts of his first feature as regards their functions. 
These are supplemented later with precise measurements. He goes on to describe 


19 Used with some modification in Stearn (1966), pp. 346-7. 

208 Quoted by Stearn (1966), p- 34, from Locke's Essay Concerning Human Understanding. 

201 Karlgren (1940), p. 371a, says of this character, ‘Draw the bow, pull, draw, stretch, to lead, prolong. The graph 
has “bow” and a stroke which probably depicts the string.’ 

2 Gerr (194.4), P. 23. 295 SCG, vol. 6, pt. 2, p. 181. 
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the slade or share-beam, and two supporting struts. This part of the text is, however. 
somewhat corrupt, and contains curious technical terms like ‘the turtle-flesh’, pieh-jou 
#5 A, which are perhaps dialect words used by his rustic instructor, and represented 
by characters for the sake of their sound rather than for their meaning. We may 
therefore, without loss, proceed to his description of the second feature, the furrow 
depth mechanism. 

It will be remembered that Fitzherbert described the vertical timber of his plough, 
which he named the ‘plough-sheath’, as ‘the key and the chief bond of all the plough’. 
It was firmly mortised above and below. This rigidity was an essential characteristic 
of all European ploughs. To vary their depth of furrow was by no means easy. The 
essence of the Chinese plough, on the other hand, was lightness and flexibility. The 
equivalent of the ‘plough-sheath’ was in Chinese named ‘the arrow’, chen #j. It was 
not mortised rigidly into the plough-beam, but passed through a slot in it, and could 
move up or down. The effect of this flexibility was that the angle at which the share 
entered the earth could be varied. This capacity for variation was provided because 
the ‘arrow’ or ‘plough-sheath’, though rigidly mortised below to the share-beam, to 
which the share was socketed, was free to move up and down through the slot in the 
plough-beam, where it could be locked with pins and wedges at the desired length. 
This length determined the angle of the plough-share’s attack. Lu Kuei-Meng’s 
description of this ingenious mechanism is as follows: 


[The part which . . .] extends to the share-beam, and which ts perpendicular and mortised 
to it, is called ‘the arrow’. [The part which] to the front is curved like a carriage shaft is 
called the plough-beam. [The part] to the rear which is like a handle and rises up is called 
‘the rudder’, [in English, the ‘stilt’]. (. . . ¿a yü li ti tsung erh kuan chih yiieh chien. Chhien ju thing 
eth chiu che yüeh yüan. Hou ju ping erh chhiao che yüeh shao. #7 3 EMME ZAR oH R42 10 ey 


Zatoka hh HS H.) 


The least satisfactory part of this description is that of the handle which ‘rises up’. 
Lu Kuei-Meng has failed to say to what other parts it is attached, though he does 
conclude his description by saying that it is taken in the hand, is used for controlling 
the plough, and forms what Fitzherbert called ‘the key and the chief bond’.?** He 
docs not, however, have any difficulty in making it clear that the plough-sheath or 
‘arrow’ is morticed into the share-beam vertically, i.e. at right angles, as is still the 
case with some modern ploughs in China.?°° Fortunately for him Literary Chinese 
had long had words for vertical and horizontal. It will also be noticed that whereas 
Fitzherbert described the curvature of the plough-beam as “a little bent’, Lu Kuci- 
Meng uses the neat simile of the carriage shaft whose characteristic curve would be 
perfectly familiar to his readers, and which gives a fairly precise idea of its shape. 
The mechanism itself is now described: 


204 Lu Kuei-Meng says (Lei Ssu Ching, p. 2), “The “rudder” [or stilt] derives [its name] from the stern of a boat, 
and locks it in position’. (Shao chhi chou chil wei chih yü tzhu hu. WBA 2 RI Bt +) 
95 See Bray (1979). p. 235- 
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An extension of the ‘arrow’ protrudes from the plough-beam, and can be allowed up or 
drawn down (like an arrow in a crossbow). In this way, and only in this way, is it equivalent 


(to an arrow). (Xian yu yüeh chia chien, kho shih chang ven. BA RR DOF A WKB) 


This excellent piece of description immediately becomes clear when it is remem- 
bered that the Chinese crossbow was loaded by a soldier either lying on his back or 
standing on his bow, and using both the thrust of his legs and the pull of his arms and 
back to develop the tension. In either position the arrow would be held vertically, 
and move up or down until locked in position by the trigger. The terms shih 3h, and 
chang §% are used to mean ‘slacken the tension on a bowstring’ and ‘draw the bow’ 
respectively. Naturally the ‘arrow’ beam on a plough does not resemble a military 
arrow in any way except in its up and down movement during loading. Hence the 
use of the particle yen 2 206 Tn formation missing is that the ‘arrow’ rides up or down 
through a slot in a plough-beam. ‘Though obvious on reflection we would prefer it 
to be stated clearly. 

Lu Kuei-Meng now describes the bolting part of the mechanism which, like the 
trigger on a crossbow, holds the ‘arrow’ at the properly adjusted height. This is done 
by the insertion through a slot in the ‘arrow’ at the height required to make a furrow 
of appropriate depth. This is what is done today. But here the text is subject to an 
apparent ambiguity, for this piece of wood, which is called the ‘adjuster’, can do 
its work equally well if it is aligned to the axis of the plough, or if it is aligned at 
right angles to the axis. The ambiguity is duc to the fact that +gth-century Chinese 
evidently did not have terms for laterally, which is defined as ‘acting or placed at 
right angles to the line of motion or of strain’,?"” nor for axially, defined as ‘aligned 
with the imaginary line that divides a regular shape into two equal parts with the 
same shape’.2"8 This is hardly surprising, for the terms did not make their way into 
English in these senses until some five centuries after Western Europe began to give 
concentrated attention to the study of mechanics, namely in 1803 for the former, 
and by 1849 at the earliest lor the latter. 

Existing Chinese ploughs, and those for which clear illustrations exist, show the 
‘adjuster’ as protruding through the ‘arrow’ above the plough-beam and laterally 
to it. Yet in spite of the lack of the two terms which could have made the placing 
of it unequivocal, there is reason to believe that the plough which Lu Kuci-Meng 
was describing had its ‘adjuster’ aligned axially and not laterally to it, and that, as 
often happens, lack of a technical term did not prevent an ingenious author from 
expressing his idea. He says: 


On the upper [face] of the plough-beam there is also [i.c. in addition to the ‘arrow’ extension 
just mentioned] a groove formation. ‘This also resembles an arrow, but only in respect to 
[the groove] [i.e. not in respect to the up and down movement of the ‘arrow’ just described]. 


(Tian chih shang yu yu ju tshao hsing, (ju chien yen. 2 3A pose Fe Th 40H Be) 


206 “It is clear to the present writer that in a varicty of contexts “p yen q” actually was intended to state what in 
our terminology is cquivalential connnection.’ Janusz Chmiclewski, personal communication, g April 1981, MS, 
Ps on £ e ea 208 rp: 

“8” Shorter Oxford English Dictionary (1972), p. 1111. om Tbid., ps 13. 
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In what way, we may ask, does a groove resemble an arrow? The up and down 
movements of loading and drawing the bow are precluded. Such qualities as sharp- 
ness, or of being feathered, are irrelevant. What remains is that an arrow has a 
certain length, and points in a certain direction. An arrow, by reason of its length, 
could only point along the axis of the plough-beam, and we are justified in thinking 
that this was the direction of the groove, for if it were cut into the narrow beam at 
right angles to this, the groove would be so short that any resemblance to an arrow 
would be lost. In spite of the lack ofa necessary term Lu Kuei-Meng at this point has 
nevertheless succeeded in conveying the necessary information. It seems probable, 
therefore, that when he was writing this in the +gth century, what he was describing 
was an carlicr form of plough in which the ‘adjuster’ was accommodated in a deep 
groove sunk into the top of the plough-beam along its axis. But such a groove, if cut 
deeply into the beam, would weaken it, and the making of it would involve quite 
unnecessary work, for an ‘adjuster’ entering the ‘arrow’ at right angles to the axis of 
the plough-beam, as is the practice in modern Chinese ploughs, requires no deep 
groove to contain it, but it can ride on the shoulders of the plough-beam. The earlier 
model would therefore become obsolete as soon as the advantages of the improved 
method had become apparent. 

The text continues as follows: 


[The part] which is cut to make steps high at the front and low at the rear, which can be 
moved backward and forward, is called ‘the adjuster’. When it is pushed forward the ‘arrow’ 
goes down and [the share] enters the earth deeply. When it is pulled backward, the arrow 
comes up, and [the share] enters the earth shallowly. (Avo wei chi chhien kao erh hou pei, so i 
chin thui yüeh pling. Chin chih tse chien hsia ju thu yeh shen, thui chih tse chien shang ju thu yeh chluen. 


AAR Bm 1k BS PVE Reso E z ig FA t tee WZ Al gi EA tigo) 


Lu then explains that the ‘arrow’ gets its name from its resemblance to the way 
in which an arrow moves when a crossbew is being loaded, and that the ‘adjuster’ 
is so called because it adjusts the depth of furrow. It is clear that the adjuster fits 
in the groove, for the groove is given no other function. The fact that the steps of 
the adjuster arc said to be high ‘at the front? and low ‘at the back’ reinforces the 
belief that the adjuster is aligned axially. The description then makes the following 
statement: 


At the top of the adjuster [the part which runs or lies] athwart and horizontally is 
called the bolt. (Phing chih shang chhü erh heng chih che yüeh chien. FEZ LAMA ingr.. 
With this the plough-beam and adjuster are pinned together. If one did not have this 
[bolt] the two parts would jump apart, and the ‘arrow’ would not be able to stay in 
position. (So i ni chhi yian yü phing Wu shih tse erh wu, yüeh erh chhu, chien pu neng chih. 


PRA AE FL AR R a HE we Bl — E ab Ay AEE ..) 


This is another indication that Lu is describing a more primitive type of plough 
in which the adjuster could easily jump out of its groove unless it was secured with 
a bolt or pin. That would not be possible on a later type, for the adjuster fits right 
through the ‘arrow’ in a slot, and could not jump out but only gradually get loose 
and fall out, for which reason it is secured by a pin on either side of the ‘arrow. 
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But in Lu’s plough it makes good sense to say that the bolt goes ‘horizontally and 
athwart’, i.e. through the side of the plough-beam, through the adjuster sunk in its 
deep groove, and so out on the other side of the beam.? 

This concludes the description of the second feature, and is enough to give a 
fair idea of the strengths and weaknesses of the writing as a whole. The descripuon 
of the traction and steerage of the plough in the third feature may therefore be 
omitted. But what is to be noted is that at this early date Lu was concerned with 
precise measurements. Following the third feature, the main dimension of all the 
eleven parts is given. For some parts he gives morc than one dimension, and perhaps 
further information about their shape, as for example that the mouldboard is 1 foot 
long, and 1 foot wide, and is slightly oval (wet tho 4% ĝi). Measurements not given 
can readily be supplied by deduction or common sense. In sum the information is 
presented in so precise, orderly and vivid a fashion that it is possible to reconstruct 
this antique plough with few areas of doubt or ambiguity, no mean achievement 
for an amateur, and a tribute to the literary language in which he had received his 
education. 


(5) LEVELS OF SPECIFICATION AND MATHEMATICAL TERMS 


Modern science began with quantification, precise measurement and the invention of 
new terms for new concepts. Concentration on the noun as opposed to the adjective 
was all-important. It was not enough to say that something was moist. Scientists 
needed to know how much liquid was in it. A noun describes something which 
can perhaps be counted, weighed, measured, valued or listed. An adjective or verb 
does not. Moreover the use of nouns in apposition made possible neat captions for 
diagrams and graphs, such as ‘Metal fatigue reduction chart’, which would otherwise 
have to be expressed by some such verbal locution as ‘Chart showing how metals are 
now less affected by continuous strain than they were before’. The Chinese language 
is particularly well-favoured in this regard since the function ofa word in Chinesc is 
to a large extent decided by its position in the sentence. 


(1) Mathematical terms 


To compare the terminology of both East and West is particularly interesting for 
mathematics, for without mathematics the sciences cannot develop. The vocabulary 
available to early Chinese geometers is of special interest. Take, for example, the 
terminology used to express the concepts of arca and volume. In SCC, Volume 3, 
pp. 98-9, we listed terms that are used to express these concepts — twenty-nine for 
areas and thirty-eight for volumes. This list is by no means exhaustive. These terms 
derive from names of homely things which present a clear and often striking image 


209 For a useful description and measurements of a moderu Chinese plough see Hommel (937), p. 42. Additional 


reasons for thinking that the plough described by Lu Kuci-Wleng was a clumsier and morc primitive version of the 
refined modern Chinese plough are (a) its much greater overall length, 3.73 metres, as compared with the 2.33 
metres of the plough measured by Hommel, and (b) the greater length of the adjuster, which, in Lu Kuci-Meng’s 
plough was more than double the length of the ‘stepped slide’ described by Hommel. 
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to the eye, such as round and square fields, ramparts, pavilions, icehouses, awls, 
poncls, moats, and so on, and show the same facility in forming compounds as has 
been observed in other fields in Chinese science. A similar use of everyday words 
was adopted in ancient Greece in the formation of geometrical terms; there we find 
tables, spinning tops, sawn-offbits of wood and the like used to make terms signifying 
trapezoids, rhomboids and prisms. The Romans did the same, borrowing bows and 
bowstrings, wheel-spokes and finger rings to provide our modern vocabulary of 
arcs and chords, radii and annuli. But this was not an invariable rule in the West. 
Rather than find a local image to describe the shape of the pyramid, the Greeks 
probably borrowed the term intact from the Egyptian language. In China an image 
was found in the carpenter’s awl and other objects. (See below, pp. 175 ff.) The 
Greeks also built up highly complex new words of the polysyllabic variety which 
Indo-European languages make so easily, such as parallelepiped from para (beside), 
allelos (one another), epi (on), pedon (the ground), i.e. having (like the ground floor of a 
house) a plane surface; a parallelepiped thus becomes a body with parallel surfaces. 
The Chinese did not attempt this sort of word-building. 

Because of the ease with which the Chinese formed concise and picturesque 
compound words??? it was not difficult for them to ensure that they had a particular 
term for every required shape. Because the Greeks could easily define shapes by 
using letters of the alphabet when tracing figures in the sand, it was not necessary 
for them to invent a special term for a figure which could just as well be described 
by letters at the points of terminus and intersection. An example of Greek letters so 


used is furnished by Apollonius of Perga (c. ~225) who wrote: “Then since the points 
A, £, H are in the plane through A, K, E, and are also in the plane through A, B, 
T therefore the points A, E, H, are on the common section of the planes; therefore 


HE is a straight line’.2!! 


There are many reasons why Greek and Chinese geometry developed in differ- 
ent ways, but differences in language and script must surely be among them.?!? 
Chinese mathematical terminology had by the +5th century been developing over 
many hundred years, and in geometry was particularly rich, perhaps because it was 
pragmatically orientated and, like the founders of the Royal Society of London in 
the 17th century, preferred Works to Wit. ?!3 


210 See SCC, vol. 3. p- 142, for picturesque terms describing unusual shapes, such as ‘altar-step onions’ and 
‘wine-kegs’. 

2" «The Conic Sections’, Proposition 9, tr. Thomas (1957), vol. 2, p. 303. 

212 Nevertheless the Chinese could have used the same device fer indicating arcas by symbols for points of 
angles and line intersections if they had wished. Indecd on occasion they did so as Karine Chemla has shown in 
her doctoral thesis (1982) on the work of the brilliant algebraist Li Yeh #3 of 12.48. @n pp. 2.5 to 2.8 she lists the 
Chinese characters used symbolically to indicate key points in a figure, these symbols being, however, related to 
Chinese cosmological thinking. Heaven (thien R}, the high point of the hypotenuse of a right-angled wiangle, for 
example, descends by way of the sun (jik 8) and moon (yiich A to earth (é 3). For further details see Figure 20. k is 
thus possible to say, ‘Heaven to sun equals sun to heart (fast x3), as the Greeks might have said, “Theline AB = the 
line BX’. Donald Wagner adds in a personal communication dated g June 1983: ‘This may have been a Western 
influence, threugh Persian astronomers at the Mongol Court, but itshows at least that the Chinese could have used 
the same device if they had wanted to. Liu Hui used colours in his diagrams to do the same thing.’ 

213 Sprat (1722), p. 116. 
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Figure 20. Example of Li Ych’s use of characters in geometrical constructions (1246). From Tse Yuan Hai Ching 
Chin I (Sinan: Shantung Chiao Yü Chhu Pan She (1985), p. 583). 


The close interest of Chinese geometers in expressing their thoughts in concrete 
terms is suggested by the use of blocks or cubes, perhaps made of wood or clay, which 
could be shaped and fitted together, and distinguished from cach other by being of 
two colours, red and black. Wagner suggests”? that there were sets of standard blocks 
which might have been part of ‘some game or puzzle with a wider circulation than 
among mathematicians [alone]’. 


214 Wagner (1979), p. 168. 
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Unlike Greek geometry, the geometry of China was slow to separate itself from 
the concrete and the practical.?!5 The over-riding obligation ofa Confucian scholar 
was to foster the moral Way, and ifhe had time from this for other things, it should be 
devoted to public works which would promote the welfare of the people. The most 
obvious outlet for the mathematics of scholar administrators was in the calculation 
of taxes, for which see CHS ij yA # 24 and Swann (1950). As an illustration of this 
practical attitude, we find Liu Hui $142k (+1st century) actually apologising for the 
fact that he is obliged to use a shape, which in itself had no practical use, namely 
the pieh-nao # jÆ% mentioned below, p. 175, in order to investigate the volume of the 
yang-ma $$ $, which itself must be used in order to investigate the volume of useful 
solids such as various types of cone and pyramid.*!® Nevertheless interest in theory 
for the development of efficient practice had long been present in China, and was 
by no means dormant in the early centuries of our era. This becomes very clear in 
the study of the volume ofa sphere to be considered below. 

An indication ofan advance towards theory for its own sake in China is the fact that 
the sphere is dealt with at all in the Chiu Chang Suan Shu J. %8 . This book received 
its final form in the +1st century, though it undoubtedly contains earlier material. The 
original pragmatic bias of the book may be seen not only from the examples given, 
of which there are 246 in all, but even from the titles of some of the nine chapters, for 
example, ‘Surveying the Land’, ‘Millet and Rice’, ‘Impartial Taxation’. The title of 
the fourth chapter, Shao-kuang 2} §& or ‘Diminishing the Breadth’, however, implies 
abstractions. The chapter is largely concerned with finding squares and cube roots. 
The diameter of a sphere, for example, is given as equal to the cube root of + of its 
volume x 16. It would be surprising if a practical administrator in China in the +1st 
century needed to know the volume ofa sphere, for it would have few applications. 

Practical applications for the geometry of the sphere in the +Ist century and 
earlier were rare in any civilisation. Its calculation may be taken as an indicator that 
mathematics was beginning to become abstract and theoretical. Because there was 
little chance that an error in the calculation of the volume of a sphere would be 
detected in practical work, as might well occur in the calculation of the amounts of 
material necded for building walls or embankments, the error could only be detected 
by logical thought and mathematical reasoning. It is this which the commentators 
onthe Chiu Chang Suan Shu illustrate. 

As in 17th-century London, ‘the mathematicians seem to have been very plain 
practical men .. . their style of writing was quite unliterary’.?!” In this also they had 
something in common with the founders of the Royal Society who preferred ‘the 
language of artizans, countrymen, and merchants, before that of wits or scholars’. 7 


213 Gregory Bluc has pointed out in a personal communication, however, that Greck geometry may be considered 
a relatively late development on the shorter time-scale of classical Greek society, with that society itself as a late 
flowering of civilisation in the East Mediterrancan complex. 

218 See also SCC, vol. 3, pp. 98-9, where it will be noted that one term for a cone is yiian-chui M4, ‘circular awl’, 
to be compared with the ‘square awl’, Jang-chui 774 noted below p. 175. 

27 See SCC, vol. 3, p- 132, n. d, concerning the style of Taoist mathematicians, though verse was evidently not 
beyond them, as will be seen below from n. 234. 

218 Sprat (1722), p. 113. 
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f fron The convenience of the brief Chinese geometrical terms, originally descriptive of 
chok some architectural feature, or borrowed from the vocabulary of artisans or earthwork 
uld be engineers, may be seen from the list supplied by Wagner (1979), p. 166, which includes 
the following: 


Chhien-tu. #238 A right prism with right-triangular base. [Architect’s term originally 
meaning a moat-wall.] 


of this 


< Vang-ma: BEA pyramid with rectangular base and with one lateral edge perpen- 
of tha dicular to the base. [Literal meaning: ‘male horse’. ] l 

sefi Pieh-nao: E a A pyramid with right triangular base and with one lateral edge 
theorv perpendicular to the base, this edge not being at the right-angled vertex of the 


base. [Literal meaning: ‘turtle’s shoulder-joint’.] 
Fang-chu. F7 # A right pyramid with square base. [Literally ‘square awl’. The 
word awl (chu), perhaps suggested the tapering shape of a pyramid.] 
Chhu-meng. AŽ A right wedge with rectangular base. [Perhaps an agricultural 


rd was 
lear in 


ae term originally meaning ‘fodder loft’. ] 
il. The The example of the pyramid is repeated in the nomenclature of many different 
given, shapes. In view of the wealth of terms in Classical Chinese for particular geometric 
ers, for shapes it is rather surprising to find that there is no specific word for volume as 
title of opposed to area.2!* The word chi 4% in fact covers both, and the context makes it 
mplies clear which is intended. When the opening sentence of Problem 23 in Chapter 4 of 
' roots. the Chiu Chang Suan Shu began with the words: ‘Consider a chi of 4,500 chhih [feet]. Ifit 
3 of its is a sphere, what is the diameter?’, Liu Hui with the precision ofa later age, made the 
he +1St comment: ‘This in fact means cubic feet’ (I wei li-fang chih chhih yeh RA 3. F7 ZR +h). 
ations. Nevertheless one can understand why in early times area and volume were not 
ry and differentiated. The word chi is another agricultural term brought in to the aid of 
or that carly mathematics, and originally meant, as did the word area to the ancient Roman 
Te was farmer, a piece of ground cleared and levelled for a particular purpose. In the West 
uld be this purpose was the threshing of corn. When ‘the area’ was not needed for threshing, 
unts of it was used for bail games, wrestling and other pastimes, but in any case it was kept 
etected clear. It remained an ‘area’ and was in no sense voluminous, The Chinese ‘area’ on 
ntators the other hand was the piece of ground on which the sheaves were piled, adding 
another dimension to the concept.””° It has therefore a cluster of related meanings, 
y plain ‘to stack’, ‘to put in stack or store’, ‘to hoard’, ‘provisions’, ‘to accumulate’. ??! As 
ev had each layer of sheaves accumulated, what had begun as an area would become a 
ed ‘the volume. In fact the notion that a volume consisted of layers of piled-up areas of non- 
frs 218 


negative thickness persisted for a long time. Tsu Keng-Chih 29 Mā 7, for example, 
using an assumption which is equivalent to Cavalieri’s Theorem, says: ‘If volumes 


Scdered are constructed of piled-up blocks, and corresponding areas are equal, then the 
fas a late 
219 See SUG, vol. 3, p. 98, n. b, where this is pointed out. It is even more surprising that Chinese technology 

ular awl’, advanced so far without the concept of degrees as a means of measuring angles for gcomctric purposes. For the 
Chinese centesimal division of degrees, see Libbrecht (1973), p. 76. 

220 "Ihe association of the area with cereals is suggested in the character by the radical ho F meaning ‘growing 
zrain’. 
3 221 See Karlgren (1940), graph 868 (t). 
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se). 29, ~ 
volumes cannot be unequal’.??? It has even been suggested??? that the character for 


block, chhi 38, should be emended to mi#, meaning a rectangular area. Naturally, as 
mathematics developed, it became necessary to distinguish the character chi #& into 
separate terms for area and volume. ‘Today area is referred to as mien-chi fi 4f and 
volume as thi-chi 8 4%, mien and thi being surface and body respectively. There is also 
jung-chi ğ. fä meaning capacity, or the chi which contains. As so of ten in Chinese, verbal 
differentiation into compound ternis accompanies the development of conceptual 
clarity. 

In the early years of Chinese mathematics, then, the fact that the word chi could 
mean either area or volume was not found to be a handicap because the practical 
applications of mathematics would make it clear from the context which was in- 
tended. But by the +3rd century, with the growth of interest in mathematical theory, 
a commentator of Liu Hui’s calibre would point out the need for greater exactness 
in expression, though naturally he would not presume to alter or emend in any way 
a revered text. 

Another indication of increasing awareness of the importance of accurate termi- 
nology is the replacing of the old word for sphere — /i-yian 3f ff], or “circle made to 
stand upright’, a term evidently analogous to that for a cube, /i-/ang 377. In time it 
was replaced by the word wan 4, which meant a ball or pill, as did sphaera in Greek 
and pilula in Latin. The term &-yiian may be assumed to have been becoming obso- 
lete by the +3rd century, for ifit had not, it would not have needed any explanatory 
comment from Liu Hui. The reason for its replacement by wan may have been that 
a circle made to stand upright could just as reasonably have been visualised as a 
cylinder. The word wan would be less ambiguous. Both terms occur in the same 
sentence of the Chiu Chang Suan Shu. Liu Hui is concerned to show that there is no 
difference in meaning. Clearly there was nothing inherently inhibiting about the 
language itself, and when the need for a more specific terminology was realised, it 
could easily be accomplished. 

Greek mathematicians may have been led to determine the volume of a sphere 
by their desire for exact knowledge and their wish to explore the implications of new 
formulations regardless of any practical use they may have had. Chinese science on 
the other hand was intended to be used for the benefit of the people. But there was 
little practical use for spherical objects before the invention of cannon balls, footballs 
and gas balloons. Why was it, then, that Chinese mathematicians persisted for some 
centuries in their attempts to find an exact formula for determining the volume of a 
sphere? 


222 Wagner (1978), pp. 61 and 75 for this quotation, and p. 63 where he says: ‘Tt seems possible, then, that Tsu 
Keng-Chih could have worked out some sort of derivation of Cavalieri’s Theorem. The blocks in his statement 
of the theorem might then be cross-sections of non-zero thickness which, in his derivation, would be reduced in 
thickness to a limit.’ Tsu Keng-Chih’s words are: ‘Fu tieh chhi chheng li chi yüan mi shih chi thung, tse chi pu jung i. KBR 
KOK ESE AMAL BA. The correlation with Cavalieri’s Theorem is also discussed by Li Wen-Lin (t982) 
Pye pre 

*23 Wagner (1978), p. 61, who refers to the emendation by Li Huang # #, (d. 1812). 
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It seems likely that the calculations required for finding the diameter or volume 
of a sphere in the +1st century or earlier represent a rounding out of mathematical 
discipline, and perhaps a step towards a better understanding of spherical objects in 
the skies, rather than a useful training for dealing with man-made spheres. 


This belief is supported by the nature of two problems to be found in Chapter 4 of 


the Chiu Chang Suan Shu. They represent the extremes ofa scale. At the micro end, in 
Problem 23, the author supposes a sphere whose volume is only 4,500 cubic Chinese 
feet, or about the volume of a very small man-carrying gas balloon. At the macro 
end he supposes a sphere with a volume of 1,644,866,437,500 cubic Chinese feet, 
the equivalent ofan asteroid of rather more than four kilometres diameter. The +1st 
century is clearly too early for any likely Chinese interest in either of these possible 
applications. 
‘The problems are stated as follows: 


Problem 23. Consider achiof 4,500 feet. Ifit is a sphere, what is the diameter? The answer 
is 20 feet. (Chin yu chi ssu chhien wu pai chhih. Wen wei li yiian ching chi ho? Ta yiieh, erh shih chhih. 
SRROFLER AWA HI? AB: X+ Re) 

Problem 24. Also consider a chi of 1,644,866,437,500 leet. If it is a sphere, what is the 
diameter? ‘The answer is 14,300 feet. (Vu yu chi iwan liu chhien ssu pai ssu shih pa i liu chhien liu pai 
ssu shih san wan chhi chhien wu pai chhih, wen wei li yian ching chi ho? Ta ytieh, i wan ssu chhien 
san pai chluh RER—-BAEFBEBtNMEAFAKBHtZBLCTSER AAMA 
a= ZntA?) 


A literal translation is used here to bring out certain points. The fact that the word 
chi #§@ could mean either area or volume was considered above. But first we may 
consider the background against which much mathematical thinking was carried 
on. In ancient and medieval Europe, as in ancient and medieval China, mathemat- 
ics, music and astronomy were closely enmeshed. In Europe scales in music were 
ladders to heaven. In China rituals were held to be ineffective if instruments were 
tuned to the wrong pitch. Their correct tuning depended on mathematically precise 
measurement. In groping for formulae with which to express mathematical pro- 
portions, Chinese thinkers had conveniently to hand the theory of the ‘generation’ 
of notes from the orthodox scale derived according to the fi-li 4 & or standard 
pitches.?2 When there is no clear understanding of what is involved, an analogy is 
often helpful. 

Just as the fundamental note represented by a string 81 inches in length generated 
other notes, so, as the Chou Pi Suan Ching Aag E points out: “The rectangle orig- 
inates from (the fact that) 9 x g = 81.7”? The rectangle was capable of gencrating 
other geometric shapes. 

What is fascinating about the Chinese invention of a formula for calculating the 
volume of a sphere is that it was derived from an imaginary or at least unusual solid. 


22 


* Scc above. SCC. vol. 4, pt 1, pp. 172 f. 

25 These words occur at the very beginning of the Chou Pi Suan Ching, stabilised -ist century, but here possibly 
as early as —6th century, See above, SCC; vol. 3, p. 22. The number 81 was also used as the basis for the generation 
ofthe notes on the up-and-down principle. See above, SCC. vel. 4, pt. 1, p. 174. 
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Superior = 38 
generation (x 4) 4 16 64 


























Geometrical | | 

figures Line Circle | Square 36? Cylinder | Cube 
Inferior generation nA 
(x3) 12 48 





Figure 21. Geemctric censtructiens preduced by ‘superier’ and ‘infcrier’ gencratien as in music. 


Now why should they have done this? Every complete scholar had an under- 
standing of music. We would like to suggest that in pursuing a musical analogy they 
became aware of a gap in the geometric scale and proceeded to fill it. 

Let us now summarise the steps leading towards the finding of a fermula for 
establishing the volume of a sphere from its diameter, or vice versa (see Fig. 21). 

(1) The area of a square was to be found by multiplying two adjacent sides. 

(2) The early Chinese method of finding the approximate area of a circle was to 
take = the area of a circumscribing rectangle. The modern method is to multiply the 
radius of the circle squared by tr. Today the figure for T is = . In the +1st century it 
was usually 3. 

As the radius of the circle is the same length as half the length of the side of the 
square both methods are satisfactory, but when modern values of 17 are used results 
differ greatly from those obtained in the +ist century. For example: 





Radius Area Radius Area Radius Area | 





| +ist century 12 sq.ins. 48 sq@.ins. 6” 108 sq.ins. | 
| Modern i 12.7 sq-ins. : 50.2 sq.ins. 6” 113 sq.ins. 








(3) The volume of a cube was to be found by multiplying a square by a third side 
of the same length. The resulting solid was termed a ‘h-faeng’ i, 7, or ‘square made 
to stand up’. 

(4) From this it would follow that if the area of a circle was 2 the area of its circum- 
scribing square, the volume of a cylinder should be the volume of its circumscribing 
cube. 





The possibility then arises that perhaps a cylinder may by inferior generation 
give birth to some other solid shape, which would have the volume or number of 36, 
which is also that ofa circle x 3. Whatmore likely candidate to fill this gap than the 
sphere? The idea that Chinese mathematicians should have visualised one geometric 
figure ‘giving birth’ to another has not, as far as we are aware, been suggested before. 
but the possibility may be pursued a little furthen?”° 


— 
wm 


226 In the Chiu Chang Suan Shu ef the +1st-century ‘mether’ and ‘child’ are nermal terms fer the deneminater 
g ) 


and numerater ela fractien respectively, See SCC, vol. 3, p. 81, n. (e). 
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The musical scale, as mentioned above, was generated by multiplying a funda- 
mental number, which was usually 81, since the string could be conveniently divided 
by fractions of this number to obtain the desired intervals. This number 81 was pro- 
cessed by a sequence of fraction, either by 2 (inferior generation), or by * (superior 
generation). 227 : 

In generating a geometric scale one would multiply a given length of line, for 
example, 4 units, by the number 4 (superior generation), or by 2 (inferior generation). 
Proceeding historically from simple to complex, once it had been discovered how to 
draw a straight line and to measure it, and to draw lines at rightangles to it with the 
help of the carpenter’s T-square, squares would be generated from lines. A line of 
measured length, therefore, when multiplied by its own length (superior generation), 
would produce its square, and this square when multiplied by the length of the 
original line (also superior generation) would produce its cube. The square when 
multiplied by ; (inferior generation) would produce what was believed to be the area 
of a circle circumscribed by the square, for as Shang Kao Ñ & rather ambiguously 
expresses it in the second paragraph of the Chou Pi Suan Ching, ‘The circle is derived 
from the square’;?*8 and the cube when multiplied by 4 (inferior generation) would 
produce the volume of the cylinder. It must be remembered that the ratio between the 
diameter and the circumference ofa circle was taken, in ancient China as elsewhere, 
to be 1:3, approximately until the beginning of our era, and in common practice for 
long after this.2?9 

Just as the musical scale had five notes — kung '@, shang fH, chiao $, chih 4% and pri 
3] — so the earliest geometrical figures also numbered five — the line, square, cube, 
circle and cylinder. Each of these may be given a number if the fundamental line 1s 
measured.*°” When given numbers they may be arranged from smallest to largest 
to make a scale. Let it be assumed that the line measures four units in length. Then 


the scale might be as follows: 





| tiie Circle Square [Sphere?] Cylinder Cube 





4X4 [48 x 3 64 x + 16 X 4 
=ð [= 36] 48 = 64 








The ‘generation’ of this scale was shown in Figure 2: in which line, circle and square 
are on the left and volumes on the right. 


227 For which see $CC, vol. 4, pt. 1, p- 174. 

228 In SCC, vol. 3, p. 22, n. (c), however, we said, ‘Presumably the writer was thinking of the diameter ofa circle 
as equal to the diagonal of its inscribed square; perhaps also of exhaustion methods for getting’. A 

“©” Early approximations to m in China and elsewhere were considered above, SCC, vol. 3, pp. 99 fE See also 
abeve, p. 178. 

230 As late as +3rd century a specific number was used te represent the more abstract concept of volume, for, 
as a solid could be measured, its dimensions, when appropriately multiplied, would yield a number, Sce also SCC, 
vol. 3, p. 22, where the beliefthat the properties of numbers must be known before one can work with geometrical 
figures is contrasted with the Euclidean method. It is not suggested that texts exist in which this analogy is made 
explicit. but rather that mathematics from -3rd century onward could not have been kept separate from music and 
numerology, for which sce SCC, vol. 2, pp. 270 T. 
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A mathematician with a feeling for music would perhaps be reminded of the 
pentatonic scale which has ‘gaps’ in it, gaps which may be filled with additional 
notes. Noticing that there are three area figures on the left of the scale, but only two 
volume figures on the right, and that there appears to be a numerical gap between 16 
and 48, he could very well wonder whether there might not be an additional volume 
to restore the distressing lack of symmetry. An obvious lacuna is the sphere. If the 
volume of the cylinder were to be multiplied by ë according to ‘inferior generation’, 
he would, in the above example, get a number — 36 — and this, he might suppose. 
would be the number for the volume of the sphere, a figure to which there was as 
yet no approximation. 

By the time the fourth chapter of the Chiu Chang tuan Shu had been written, i.e. not 
later than the +1st century, this is exactly what had happened, for we find there the 
formula for the diameter ofa sphere in relation to its volume. ‘This may be expressed 


as: “The diameter of a sphere = the cube root of “2 of the volume of a sphere’. If 


the diameter is known, this can be reversed to And the volume, i.e. V = T 2a 
or in the above example, = x 64 = 36.72! By means of this formula the author of 
Problem 23 concluded that a sphere of 4,500 cubic feet must have a diameter of 20 
fect. By modern reckoning, using the formula V = 4r°, a sphere with a diameter 
of 20ft would have a volume of 4190.76 cubic ft. The formula used in Problem 23 
would have been a useful approximation. 

By the +3rd century the inaccuracy had been detected. Liu Hui realised that 
what we have called ‘inferior generation’ from the cube yields the cylinder, and that 
‘inferior generation’ from the cylinder yields something bigger than the sphere. He 
went further, for he found a solid whose proportions matched the requirements of 
inferior generation from the cylinder. This he called the Ao-kai 4 #, literally ‘close 
cover’. Ho-kai was the name he gave to a solid in which two cylinders intersect 
horizontally within the circumscribing cube. By further inferior generation from the 
ho-kai it was then possible to calculate new values for the volumes of spheres. The 
insertion of the Ao-ka between the cylinder and the sphere was a remarkable piece of 
imaginative insight on the part of Liu Hui, comparable to the discovery by deduction 
of an invisible star. His reasoning was as follows: Having calculated the proportions 
of the Ao-kat and found (a) that it was smaller than that of the cylinder circumscribed 
by the cube, and (b) that the sphere was smaller than the /o-kaz, then if the ratio of 
the Ao-kai to the cylinder was 3:4, this could not also be the ratio of the sphere to 
the cylinder. Liu Hui had shown that the ancient formula for the volume of a sphere 
could not be correct, but he confessed that he was unable to find the correct formula. 

Liu Hui declared that though he realised the formula for the volume/diameter of 
the sphere as given in the Chiu Chang Suan Shu was incorrect, he could not himself 
give the correct one, or possibly, as Wagner points out, ‘it may be that he knew the 
correct formula, V = d but was unable to prove it.2*? The error which Liu Hui 


23 The author owes much to Donald Wagner whose article, Wagner (1978), was the original source for this 
subsection, and whose help in the writing ofit was invaluable, and also to Catherine Jami for her patient help in 
its clarification. 

232 On the value d where d is the diameter of the sphere see above. 233 Wagner (1978), 72. 
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discovered in the Chiu Chang Suan Shu was that if the ratio of the ho-kai to the sphere 
was 4:, and if the ho-Aai was smaller than the cylinder, then the ratio of the cylinder 
to the sphere could not also be 4:. We are more inclined to think that he arrived 
at this inequality impressionistically by comparing the magnitudes of the two errors 
mentioned above’.?°3 The correct formulation and its proof were first achieved two 
centuries later by Tsu Chhung-Chih #1 y¢ Z and later by his son Tsu Keng-Chih 
#H HG, who celebrated the achievement in verses which appear to ‘give face’ to 
Liu Hui, suggesting that he would have made the discovery if only he had had time. 
However, as Liu Hui was unlikely to have lacked time, the careful reader will perhaps 
interpret his verse as a courtcous if posthumous stab in the back!”* 

It would be instructive to compare the approach of Archimedes in —3rd-century 
Sicily with the writing of Isu Chhung-Chih and his son in +5th-century China to 
the same problem concerning the relation of the volume to the diameter of a sphere. 
‘The logic of argument in each case is similar. The volume of A cannot be in the same 
proportion to B and C ifthe volumes of B and C are different, and: if the volume of 
A is four times greater than the volume of B, and six times greater than the volume 
of C, then B must be one anda half times greater than C. But the manner in which 
the arguments are presented is totally different. In Greece the essence of geometrical 
demonstration was the ‘proof. In China and India this was not at first considered 
important.?% 

The modern word ‘proof derives from the late Latin word preba which meant 
the probing and testing of the evidence of witnesses to see whether it merited the 
‘approbation’ of judge or jury. Although the word is Latin the concept of sceking 
approbation by testing the evidence before a jury goes further back to Athens where 
litigation was a highly democratic process. ‘Proofs’ had to be terse and to the point, for 
only a limited time was allowed in court for each speech, checked by the clepsydra, 
the water-clock. In the Athenian law-courts, as no doubt in the early Christian 
assemblies, the supreme test of the truth of evidence given by free men was the 
solemnly sworn oath.” In the courts to which the geometers appealed it did not 
carry the same conviction to swear that the volume of a cylinder is + times the 
volume ofa sphere. Such evidence had to rely on reason alone, to the lasting benefit 
of mankind. 

The social atmosphere in which the great Chinese mathematicians worked was 
utterly different.” In the writing of Tsu Chhung-Chih and his son, one does not 
sense the openness of Greek society, the challenge to the informed public to refute 
a proposition if they can, after the bases of the argument have been explained 


231 The verse is quoted in Wagner (1978), p. 76: “The proportions are extremely precise, And my heart shines. / 
Chang Heng copicd the ancient, / smiling on posterity; / Liu Hui followed the ancient, / Having no time to revise 
it. / Now what is so difficult about it? / One need only think’, 

2 Hindu mathematicians ‘were not in the habit of preserving the proofs, so that the naked theorems and 
processes of operatien are all that have come down to our time’. Cajori (1919), p. 83. But it should be noted that 
uclid gave his divisien algorithm without strict proof. No one has criticised him for this. Li Wen-Lin (1982), 
p. 10. 

F Sce Neuteship & Sandys (1957), P: 332. ; i l f e 

~* "his point has been discussed in Needham (1956). pp. 15 16, where reference ismade to Vernant (1963) and 
(19 64). 
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with almost legal precision in clear and simple language. Rather it is as if one 
werc in the workshop of a craftsman who carves ivory balls and sees sphere within 
sphere, or in the studio of a scholar whose three-dimensional thinking is aided by 
the handling, separating and recomposing in different shapes of solid blocks. It 
seems not improbable, as Wagner suggests, that scholars played with blocks making 
geometric shapes, for the instructions in Tsu Keng-Chih’s ‘proof imply a familiarity 
with their handling, rather as today a proof based on the behaviour of cubes within 
the rubik cube would imply some familiarity with their handling. The tensions are 
different. One misses in the Chinese the taut sense of urgency in the marshalling of 
the arguments. There is no water-clock dripping in the background to cut short a 
witness ifhe is too verbose. On the contrary there is time for literary allusions and the 
neat antithetical couplet. Tsu Keng-Chih gives a good example of his geometrical 
reasoning: 


Take a cubical block. Place the pivot [ofa drawing compass] at the left back lower corner. 
From the arc [now assumed to have been drawn] remove the right upperside piece. Place [the 
pieces] tegether again, draw an arc at right angles, and remove the front upper side-piece. 
Now the cubical block is divided into four. There is one block inside the arcs called the inner 
block. There are three blocks outside the arcs [and these are] called the outer blocks.?38 


Tsu Keng-Chih then reassembles his four blocks and cuts them once again, hor- 
izontally, and develops his argument by the use of right triangles, i.e. the Theorem 
of Pythagoras, coming finally to his triumphant conclusion. 

Tsu Keng-Chih’s explanation would be hard for anyone to follow who had not 
had experience in handling the blocks or was not unusually gifted in being able to 
visualise plane figures stereoscopically. The operations he describes must of course 
be carried out in the imagination, and it may be that this form of imagination was 
highly developed in China, but the handling of three-dimensional shapes would 
have helped to develop this imagination. It is clear that he is writing for people who 
understand what he is doing, for he assumes that they are sufficiently familiar with his 
procedures to be able to bridge certain gaps. For example, the first time he mentions 
drawing an arc on the cube, he merely gives them the essential information as to 
where to put the point of the compasses, and assumes that it is obvious that the arc 
will be drawn between the only two available corners. Naturally he does not need 
to add anything so obviously explicit as ‘draw it? This was not because there would 
have been any difficulty in saying ‘draw an arc’ in Chinese. On the contrary, with 
the second arc he does just that, saying very concisely: Heng kuei chih #4 $i Z, ‘draw 
an arc at right angles’. The use of the word heng f$ also indicates certain assumptions 
as to the intelligence of his reader. It assumes that he can visualise a compass point 
stuck into the corner of a cube. If this is done there are three surfaces on which the 


238 Chti li-fang chhi i mei, ling li shu yü tso hou chih hsia yü, tshung kuei chhi chhi yu shang chih lien, Vie ho erh heng 
kuei chih, chhi chhi chhien shang chih lien. Yri shih li-fang duh chhi. fen erh wei ssu. huei nei chhi i, wei chih nei chhi. 
Kuei wai chhi san, wei chih wa chhi. BA J- HOADEREEZIRRALHELZE LEMRRDEAMLZRe 
RELFAZHAMABANKR— MLM MH A Sd Ho 
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compass can describe an arc. If two of these are regarded as having vertical planes, 
the third will be in the horizontal plane. Heng in Chinese means ‘crosswise’, ‘at right 
angles to the vertical’, or just ‘at right angles’. As the compass point is to be inserted 
into the bottom left-hand corner of the cube, the cube itself must be resting on the 
only available horizontal plane. The second are must therefore be drawn on the third 
face, at right angles to the first arc, and, as translated by Wagner, ‘perpendicularly’. 

As we saw in our description of the plough, Chinese authors had a clear sense of 
direction. Tsu Keng-Chih speaks of the ‘left back lower corner’, looking at the cube 
from the reader’s chair, so to speak. This seems un-Greek because the Greeks, stand- 
ing or sitting in a circle around the geometer, developed the convention of describing 
gcomctric positions by the use ofletters.?°? But it must be remembered that originally 
even in Greece the basis or base of a triangle was the bottom, and the /ypsos ‘height’ 
or apex was the top. The Chinese could easily have used the twenty-two charac- 
ters of the ‘celestial stems’ and the ‘horary characters’ (or any other characters — 
see above, Fig. 20) in the same way as the Greeks used letters, but geometry did 
not develop in China in that way. A further example of the Tsu’s assumption that 
their readers would be familiar with the handling of blocks is the way in which they 
state that after the arc has been drawn a portion of the cube can be removed as 
if it had been sawn through. Moreover, after describing two such arcs which the 
unversed reader might imagine to have separated the cube into three blocks, he says, 
‘Now the cubical block is divided into four’. In fact as the imaginary sawings are 
at right angles to each other, a fourth block is made separable by their intersection. 
No doubt adepts at the geometric art could visualise these blocks without difficulty, 
butifan author had wished to obtain a favourable verdict from the common reader, 
the Greek practice of indicating terminal and intersection points by symbols would 
undoubtedly have been helpful. 

This discussion as to whether Literary Chinese was an efficient instrument for 
conveying mathematical ideas may now be summed up. Whether or not a language 
is influenced by the social climate ofthose who speak it may remain an open question, 
but it can scarcely be denied that new concepts and technological innovations are 
intimately associated with the form of society in which their inventors live. One of the 
greatest contributions ofthe ancient Greeks to world civilisation was the development 
of the concept of a proof to justify a contention. The method was elaborated by 
the mathematicians of Alexandria, who were themselves cither formed or strongly 
influenced by the mathematics of Plato and the syllogistic reasoning of Aristotle. 
Euclid, for example, scems to have studied mathematics in Athens at the Academy, 
later (¢. -300) migrating to the new city of Alexandria. 

Itis natural to ask, ifthe Greeks elaborated the idea of geometric proof, why was this 
not also done to the same extent in other civilisations? A better question is perhaps: If 
other civilisations, such as that of India and China, did not find it necessary to record 
the steps by which mathematicians arrived at their conclusions, and to arrange these 


239 The use ofletters would be more convenient for a group of people sitting in a circle round a diagram. 
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steps in a concise and logical sequence, why did the Greeks do so?*” A large part 
of the answer must surely lie in the form of society in which the mathematicians 
lived and worked. It has been suggested that factors which precipitated the Greeks 
into this mode of thinking were the openness of Greck public life, the institution of 
argument, and their habit of reaching decisions by secret ballot, as in the law courts 
and the dramatic festivals, or by the tumultuous one-man-one-vote system for the 
whole population of male citizens in the political assemblies, during the formative 
period of their civilisation. For any contention to survive in such an environnient, it 
would need to be supported by cogent arguments briefly and clearly expressed. 

In China there were different influences and other pressures. In the post-Han and 
pre-Sung periods, for example, less centralised government perhaps contributed to 
a more relaxed intellectual life, with freer discussion in which proof of a contention 
weuld be required. There was, on the other hand, the drive to ensure continuity, and 
related to this the traditional reverence for the past. It was not open to a minister 
to prove that the emperor’s disgraceful conduct would inevitably lead to ruin, in the 
way that Nicias might have been tempted to speak of Alcibiades in the Athenian 
assembly. He could only suggest by allusion and historical parallels that perhaps all 
was not for the best! 

Though Tsu Chhung-Chih’s manner of proof would not have been familiar to the 
mathematicians of Alexandria, it would have been perfectly clear to the gentlemen 
scholars of China for whom it was intended. It is easy for the speaker of one language 
to regard the absence ofa term in another language as a defect of that language. ‘This 
may be so, but it is more likely that he is criticising the absence of the concept to which 
that term in his own language refers. This again may be a defect, but it may be that a 
given civilisation can manage perfectly well without it. It is, for example, astonishing 
that Chinese civilisation should have reached a high level of engineering without 
conceptualising the measuring of angles by parts of a circle expressed as degrees. 
The fact that the Chinese ecliptic circle was from early times known to have 365+ 
days, rather than 360 as in early Babylonia,**! may have delayed the subdivision 
of the circle into degrees; and the fact that for a long time the proportions of the 
measurable sides of right-angled triangles served as a substitute for the measurement 
of angles in degrees, explains why the use of measured angles was long delayed in 
China.?’ Similarly it is surprising that ancient Greek had no abstract term for 
volume, yet their use of the phrase ‘the solid’ fo stereon, covered most of their needs. 
and in such a sentence as ‘the volume of all these shapes is the same’, where it is 
not possible to say ‘the solid of all these shapes’, it was still possible to express it 
another way, such as ‘if the dimensions of these sides are multiplied the resulting 
number will be the same’. In short it would seem that any language will develop a 
way of expressing its speakers’ concepts, once the concepts are clear, but that the 


210 See, however, Harbsmeier in SCG, vol. 7, pt 1, en Chinese Buddhist legic and the rele ef public philesephical 
debate. 

24! For a detailed discussien of the origin of the divisien ef the circle inte 360°, sce Heath (1921), vel. 2. 
pp. 265 fF 

22 This may also explain why astrenomical distances were semetimes measured in feet and inches instead ef in 
degrees. 
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(6) CONCLUDING REFLECTIONS: SCIENCE AND THE FATE OF 
CLASSICAL LANGUAGES IN EAST AND WEST 


mative In the transition from medieval science to modern science, it seems probable that 
nent, it forging a suitable linguistic instrument is less important than creating an adequate 
ed. descriptive base. Thus alchemy could not develop into modern chemistry until the 
an andl table of elements had been worked out to form such a base. When thought is clear, 


utecl to scientific writing is usually clear. When thought is groping on the frontiers of knowl- 
tenuon edge, metaphors, analogies and very general terms take the place of precise terms 
ity, andl and clear conceptions. ?* 


unister Both Classical Latin, as it developed in the Middle Ages, and Literary Chinese 
in the wouldseem to have been magnificent instruments for the communication of scientific 
henian ideas. But it remains to be explained how it was that they failed to be developed for 
laps all this purpose into the 20th century. In retrospect it now seems clear that given time 

and determination any classical language can adjust to changed conditions, and 
to the can even return to oust the vernacular language which has assumed its role, as has 


lemen occurred with Hebrew in Israel. But for this to occur the classical language must 
guage return on a full tide of national sentiment. 
e. This On the other hand the diversion of the classical language for some specialised 


which purpose is easier if it has already abandoned the main field. Latin does, in fact, 
‘that a alford an example of this phenomenon, for, having surrendered most of the field 
ishing to the rising vernacular languages of Kurope,?** it then, in the late 18th century, 


‘ithout made a limited comeback with the artificial creation of ‘botanic Latin’. But this new 


grecs. specialised dialect illustrates the great extent of the modifications which had to be 
; 365; made, modifications which would have been resented and strenuously resisted not 
Ivision only by scholars but by all educated people, if the classical language had still been 
of the in possession of its full powers. [n fact the botanic reformers were able to make 
ement the necessary changes from the classical form of the language only because the 
yed in champions of Classical Latin had largely become indifferent to its fate as a world 
m for language, and were often unaware of the gathering momentum of modern science. 
neecls. They confined their interests to the ancient literature which was soon to become a 


fe it is province of specialists. 
Tess it 


ulting 28 Fer cxample, the plague at Athens in the year -439 as described by Thucydides cannot be identilied, not 
elop A because Thucydides was incapable of clear thought, or was having a lapse — on the contrary he was at pains 1e 
describe what he saw exactly nor because the Greek language was an unsuitable language fer describing diseases, 
but because Thucydides did not sufficiently understand the nature of the disease to know what to describe, or had 
net the technical means, such as a thermomcten to lind out the precise aspects. such as temperature, which needed 


at the 


wphical describing. See Thucydlicles, IL, 47-55. Shrewsbury (1950) reviews the possibilities, but McNeill (1976), ch. 3, n. 34, 
points out that ‘a virgin population exhibits symptoms Tar different from those manifest in a population already 

, vol. 2. exposed’. 
24 New medical theses were, however, written in Latin in Britain till after the beginning of the igth century, 
ad of in and Larm was needed by doctors and lawyers ull much later. It is only recently that university public orators have 


ceased to orate in Latin. 
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If, on the other hand, the reform of a classical language needs to be made to meet 
the demands of a suddenly exploding new science, but these reforms are likely to 
be resisted and contested by conservative scholars supported by a less informed but 
equally conservative reading public, the attraction must seem irresistible to make 
a clean sweep. The temptation will then be to publish scientific works not in the 
old classical language at all, but in a newly current vernacular language in which 
less concern is felt about neologisms and innovations, and in which conservative 
attitudes have not yet become solidly established. This, however, is not the whole 
story in either China or Europe. 

The classical languages of both Europe and China had many advantages. Latin 
was used internationally within its culture area until quite a late date. It continued as 
the main official language of France until 1539,7 and much longer as the language 
of the universities, of international intercourse and of the church. The last scientific 
work of importance to be published in Latin in England was Newton’s Principia, 
which appeared in 1687.7*° ‘As a vehicle of scholarship it survived longest in the 
German Universities . . . In the German States between 1681 and 1690, more books 
were printed in Latin than in German, and Latin was still the medium of teaching 
in the German Universities.**” It continued to be the most useful lingua franca 
for educated people until well into the 18th century. Linnaeus, for example, used 
it for speaking when he was in Holland, and in correspondence with botanists. It 
was also used by Albrecht von Haller (1708-1777) in his correspondence, and by 
many others.?"* Its function in keeping scholars in touch with developments in other 
countries contributed greatly to the development of modernsciencce in its early years, 
though the existence ofa common language does not of itself guarantee the free flow 
of ideas nor that alien ideas shall be admitted to its network. Rufinus (13th/14th 
centuries), for example, did not know of the work of Albertus Magnus;?*” and the 
Chinese living in Peking in the 17th century did not feel moved to translate the 
useful work on glass-making, ‘L’Arle Fetraria by Antonio Neri (1612) which the Jesuit 
missionaries had brought with them to that city. As we said above in SCC, Volume 5, 
part 3, pp. 236-7, n. h, ‘An up-to-date treatise on glass-making would have interested 


the Chinese’.2>” 


28 In which year Francis 1 decreed that all official publications should appear in French (NESCO History 
Mankind, vol. 4, p. Go4). See also Sarton (1947), p- 1108. 

26 That is to say filly years atter Descartes had published his Discours de la Méthode in French. 

247 Boclmer (1944), p- 313. 

48 Stearn (1966), p.7. 

49 Crombie (1952), p. 115, points out, ‘Rufinus, . . . seems to have known nothing even of De Jegetalibus et Plantis 
of Albertus Magnus’. The high cost of books was probably also an impediment. 

20 The question of the transmission of Western chemical and metallurgical processes to China is considered in 
SCC, vel. 5, pt- 3, pp. 221-36. As we said there (p. 236): ‘It was a tantalising twist of history that such works could 
get as far as Peking vet lail to penetrate the language barrier’. One should not, of course, consider alanguage to be 
a barricr in itself. It is only a barrier to those who are unable to learn it. As we said in note h, continued from p. 236, 
apart from some of the books brought by the Jesuits to Peking which were of little value to the Chinese, there were 
others ‘which could have been very useful if there had been somcone to expound them and take them through the 
language harrier’. Examples quoted were the De Divtillatione of Geronimo Ross, the Pirefechnia of Biringuccio and 
IArte Tetraria of Antonio Neri mentioned abeve. The value of this book is also noted in SCC, vol. 5, pt. 2, p. 269. 
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Both Latin and Literary Chinese also had another advantage denied to the newly 
developing vernacular languages, which was that the great works of remote antiquity 
became available to the student who mastered the ancient medium. He was part of 
a continuing tradition, whereas there was a gulf between the ancient texts and the 
reader of the vernacular alone, which would not be bridged until translations had 
been made into the new medium, At first the vernacular languages of Europe could 
not compete with Latin.?°! As Stearn says, ‘Latin survived through the Middle 
Ages and well into the 18th century as the onc internationally used language of 
learning among the peoples of Europe, none of which then possessed a vernacular 
language sufficiently developed and widely enough known to challenge its supremacy 
in diplomatic, legal and ecclesiastical matters’.”>? It could, however, only be a matter 
of time before the challenge was made. 

The reasons why the vernacular languages of Europe gradually ousted Latin are 
extremely complex. Perhaps the most important is that with the coming of the 
Renaissance there was a drawing together of the educated and the artisan classes, 
a rare situation, as Graham has observed in writing of the Mohist sciences: “The 
sections on optics and mechanics surely reflect social conditions comparatively rare 
in history until the 16th century in Western Europe, where the Scientific Revolution 
soon followed, the explosive situation when men with speculative minds are in close 
contact with men who work with their hands.” In Europc there was morc to it than 
that. Not only did the two classes work closely together, but the need arose that the 
artisans should be able to read and write, record what they observed, make accurate 
measurements, and apply mathematics to the tests they made on their products.** 
The artisans had to be educated not in the ancient literary glories of Greece and 
Rome, but in the practical methods of increasing production and efficiency. Their 
education therefore had to be in the language which they spoke.2 By the 17th 
century it had become quite clear that a form of education needed to be devised 
which would promote this aim. Such education would not stress the mere unthinking 
application of rules by menials, but, as Wilkins stated in his Wathematicall Magick of 
1648, would be designed to create a form of education which would benefit common 


The barrier to the transmission of ideas is made up of many things besides the difficulties of translation. Among 
them may be noted a contempt for the style in which the ideas are expressed; lack of enthusiasm or even interest 
among the parties who alone have opportunities for translation; the fact that sound ideas may be mingled with 
unacceptable theories; lack of funds to finance the translation project; political interfcrence fiom rival parties; and, 
as was the case in the later stages of the Jesuit mission, distraction of atteution by other over-riding pre-occupations, 
in this case Chinese concern with the imminence of the Manchu invasion. There was also the well-known distaste 
of Confucian scholars for artisan pursuits. 

*5' “Though Sarton (1947), vol. 3, p. 345, points our that even by +843 langue d'oil was becoming accepted in its 
own right, the emancipation of that language had been possible only because Latin had reached an advanced state 
of disintegration. ‘If the Latin language had remained alive, the Romance dialects would have had as much chance 
of developing as maggots on a living body.’ 

25? Stearn (1966), p- 14. 

253 Graham (1978), p. 8. 

2H See above, Joseph Needham, ‘Science and Socicty in East and West’, and Joseph Needham and Huang 


Jen-Yii, “The Nature of Chinese Society: A Technical Interpretation’, 


253 As Bishop Wilkins expressed it, books had to be written in the vernacular for which these mechanical arts 
ofall other are most preper’. Quoted in Gillispie (1970), sub.nom. ‘Wilkins’ by Hans Aarslelf, vol. 14, p. 366. 
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artificers in gaining a right understanding of the grounds and theory of the arts they 
practise.” 

Of great significance in Western Europe at this ume was the fact that paper 
was known by the 13th century in Germany and by the 14th century in England. 
making possible the start of printing from moveable type in the 15th century and the 
rapid spread of printed books. ?*” Standardised editions of important works form the 
very foundation of modern education, and perhaps the spread of relatively cheap 
printed books did more to undermine the ascendancy of the classical languages 
in Europe than anything else. Yet in China, where paper had been invented some 
fifteen centuries before it was used by Gutenberg, and where moveable pottery type 
had been invented?”® some four centuries before Gutenberg’s first use of metal type, 
the invention of printing served to strengthen the classical language rather than the 
opposite. Had the writing of China represented the sounds of words as they were 
spoken, it can plausibly be argued that the effects of printing would have been similar 
to those in Europe, but the cheapening of books in logographic script at first only 
strengthened the hold of the logographic lingua franca. 

Latin could not be ousted as a language of'science in Europe, nor Literary Chinese 
in China, until the vernaculars were sufficiently developed to carry the load. In 
Europe it was not a matter of developing one vernacular only, but as many as there 
were nation-states, and sometimes more — Switzerland, for example, used four. In 
this there was a marked lack of co-ordination between contending states in a field 
where co-operation would scem desirable. The lack of an agreed nomenclature lor 
the different distillations of petroleum in the various European languages even today 
(petrol, essence, benzine, kerosine, gasoline, paraffin) is an indication of this failure. 
In China the problem was rather different. It was somewhat as if Switzerland on 
a giant scale had selected French to be its language of the future, this language 
when written being expressed in traditional logographs. There would be nothing 
to prevent a German-speaking Swiss from reading the logographs in German if he 
wished to, though occasionally in China, and very much more often in Switzerland, 
such reading from the logograph would have an alien flavour, due to differences in 
idiom, and to differences in word order and syntax in gencral, which in Europe are 
very marked.” In China a further reform, now virtually complete, was to ensure 
that anyone reading characters would be able to speak them in that form of the 
Northern dialect which is now known as phu-thung-hua 3 i %6. It is as if Europe 
had made one of its original vernacular languages obligatory for all administrative, 
cultural and scientific purposes. The advantages of having a population of many 


258 Wilkins (164.8), in his address "T'o the Reader’. 

257 Carter (19:25), pp. 24.5-50. The Chinese began to change from moveable wooden type 10 brenze ype in the 
late 15th century, simultaneously with the development of moveable rype in Europe. Sec Tsien Tsuin-Hsuin in SCC, 
vol. 5, pl. 1, p. 211. 

38 The earliest authoritative account ofthe use of moveable type is of that invented by Pi Sheng 2 # (c. +990 
to #1051). See SCC. vol. 5, pt. 1, pp. 201 ff. and also pp. 1 IE en the erigin of paper. 

259 In phu-tung-hua a person wishing to say, for example, ‘Are there any?’ would say ‘lie mer yu A RA? A 
Cantonese speaker would expect to find the equivalent of ‘pau meu A $E, ie. yu wu A $r 
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hundreds of millions of people all able to pool their intellectual resources through 
the medium of a common language and script may be expected to become clear in 
the centuries ahead. 

If the decline of the classical languages in Europe and China are to be properly 
compared, it is first necessary to be clear about the time dimension. China may 
reasonably be regarded as a geographical and political unit for this purpose, even 
though the initiative may sometimes have been taken in the coastal cities, sometimes 
in such a province as Hunan, with its progressive governor Chhen Pao-Chen fx @ A 
(1831-1900), sometimes in the capital, as when the Jesuit mission arrived there to- 
wards the end of the 16th century. Europe, however, was not a geographical and 
political unit, and a decision taken concerning the use of a language in Italy, for 
example, would not necessarily apply in England er Germany. The comparison will 
therefore be drawn between China and England to avoid the distraction of time-lags 
in different European countries. 

Both China and England experienced influences and needs which were similar 
in nature but different in timing. Among them may be mentioned the fermentation 
caused by ideas from an alien culture; the cheapening of books by the invention 
of printing; the demand for translations and their effect on the existing language; 
the need for new technology; the discovery that technology does not come alone, 
but demands a rethinking of fundamental concepts; the need for a new practical 
education enabling workmen as well as artisans to work with the new machines; the 
need for a simpler language which can be used by such people to raise their level of 
education, enabling them to study science; and finally the growth of democracy or 
of mass participation in politics. But whereas in England this was spread over some 
six and a half centuries, from say 1250 to 19@0, in China it hacl to be compressed 
within three centuries, and the most difficult and important part of it within the fifty 
ycars from 1850 to 1900. That China was able to do it at a ime when the Manchu 
dynasty was tottering to its fall was a remarkable achievement. 

From about 1250 Arabic influence began to have strong effects in England, par- 
ticularly on the Merton scholars at Oxford, in dynamics, for example. But European 
influence on Chinese mathematics and physics did not begin until after the arrival 
of the Jesuit mission in 1583. The closure of the mission in 1774 was followed by 
nearly a century without contacts with the West at a high intellectual level, a loss 
as great to the stimulation of China as Western Europe would have suffered if the 
flow of Greek manuscripts from Constantinople to Italy had cried up a hundred 
years before the city fell to the Turks in 1453. When contacts at a scientific level were 
reopened by Protestant missionaries in the second half in the 19th century, the days 
when China and Europe could roll back the frontiers of science in co-operation and 
mutual esteem had passed. For China to survive, drastic surgery was necessary. 

Although many flinched from this operation, there was no shortage of great people 
in China who were prepared to sec it through. Their actions may be briefly chron- 
icled. Before the first stirrings of modern science began to appear in the writings 
of Arnald of Villanova (13th century), the Chinese had already been able to enjoy 
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books printed from wooden blocks for over three hundred years.” But their use of 
logographic writing had one singular difference from alphabetic writing in Europe, 
namely that people begin to be literate from the ume that they have mastered their 
first character, and as further characters are added to their memories, they are able 
to decode progressively more and more of what they see written. The time may 
come when they will be able to provide a character to match every word they use 
in the vernacular language, although they will still not be able to understand the 
more elaborate codification of Literary Chinese. What was written might therefore 
be found at several different levels of simplification. For example, it is known that 
‘Chang Po-hsing 5& 44 47, while governor of Fukien (1707—10), used three different 
versions of the Sacred dicts: one for literati, “one illustrated with popular sayings for 
those of medium intelligence and scholarly ability, and one with memorable jingles 
for the simple country folk” ’.2°' 

Logographs therefore provided a ladder from one level of communication to 
another, from the open to the coded, whereas the alphabetic scripts of the West had 
a different function. A knowledge of the letters of the alphabet might help Europeans 
to decode that which was written in their own language. But if the writing was in 
a language which they did not know, they could only make approximations to the 
sounds, often without having any idea of their meaning. T'he deciston to write and 
print books in European vernacular languages instead of Latin was, therefore, a 
revolutionary step, far more so than in China where thanks to the use of logographs, it 
wasmore a matter of style than change oflanguage. This perhaps explains why it was 
possible for China to change the medium of administration from Literary Chinese 
to ‘clear speech’ (pai-hua AE) so rapidly, in eflect between the years 1897, when 
the ‘Academy of Current Events’ (Shih-wu Hsiieh-thang 8% ZÈ ) was established in 
Hunan Province, and 1917, when pai-hua was formally declared the official medium 
during the Literary Revolution.*©? This compares very favourably with the three 
and a half centuries required in England for the displacing of Latin by English, as 
described above. Since in China the overwhelming demand, until the end of the 19th 
century, was for texts to be printed in the literary language, printing consolidated its 
hold there rather than the opposite, as in Europe. 

As in Europe, the change of medium was preceded by several centuries of intense 
work on translation. In Europe it was a continuous process, beginning with the 
translation of Arabic and Greek works into Latin, and continuing from the 14th 
century with translations from Latin and many other languages into the appropriate 
vernacular. But in China the work of intensive translation begun by the Jesuits was 
not continuous. During the period from 1552 to the suppression of the mission in 
1773 and the few years in which the remaining missionaries lingered on, a total 
of some 340 works were composed in Chinese on Western subjects or translated 
from Western languages into Literary Chinese, most of them before the year 1675. 


°8 See SCC, vol. 5, pt. 1, p- 86, for details of the carlicst complete paper book of +256 and pp. 146 ff. for block 


printing from the +6th to the +gth century: 
261 Rawski (1979). p- 15. quoting Spence (1968). 1.8:5. 
2? UNESCO History of Mankind, vol. 6 (2), p. 1292. 
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@f these, according to Pfister, those on scientific subjects equalled, if they did not 
surpass in number, those on religion and controversy.?°3 In the 18th century this 
activity died down, but a residual effect was that many neologisms from the Jesuit 
books became accepted into the language.?°* Moreover, the translations which had 
been made, being written for their content rather than for style, were in a rather 
severe and simple form of Literary Chinese, which served as a model for scientific 
writing thereafter.?° 

There was, however, in 18th-century China, a changed attitude to science, which, 
because it had been used as an inducement by evangelists to obtain converts, became 
suspect. Nevertheless, by the late 18th century, the more practical aspects of Western 
science began to be clearly discernible.7° 

Attention was at first focused on the fact that ‘political power grows out of the 
barrel of a gun’.?®” This lesson had been learnt by the nations of Western Europe 
alter the walls of Constantinople had been breached by Turkish artillery in 1453, 
and the determination of each nation not to be outgunned by its neighbour led to a 
surge of interest in mining, metallurgy, ballistics, dynamics, mathematics, and those 
aspects ol proto-chemistry which related to the manufacture ol gunpowder, together 
with the production and translation of books and manuals concerning these sciences 
and technologies. 

It was the arrival of the steam-engine propelling foreign ships which first compelled 
Chinese officials to begin a serious study of foreign science. Details of this may be 
found above.?°® It will suffice here simply to list the main dateable events: 


In 1828, as reported in the Hai huo Thu Chih ¥$ 818%, the first fire-wheel boat 
arrived from Bengal. 

In 1830 the East India Company’s steamer Forbes arrived. 

In 1835 the steam-vessel Jardine arrived, but the government caused its machinery 
to be dismantled.?°” 

In 1841 diagrams of a model steamboat and locomotive were published in Ting 
Kung-Chhen’s T 4 fe len Phao Thu Shuo yar tE at: 

c. 1845 the first full-scale Chinese steam paddle-boat was built at Canton with the 
help of a foreign engineer. 

In 1846 the first Chinese drawing of a steamship“ appeared in Cheng 
Fu-Kuang’s 38 48 3¢ (1847) Huo Lun Chhuan Thu Shuo K $R AS E zX.. 


In 1853 the first steamship service to China started. 





270 


263 See Pfister (1932), p. xxiii. In the second half of the rgth century this proportion rose to four-fifths. (UNESCO 
History of Mankind, vol. 6 (2), p. t059.) Tt must also be remembered that translations [rom Japanese to Chinese with 
many neologisms were also being made. 

24 Pfister shows the emphasis placed in the first century of Jesuit activity in China on making Western knowledge 
and “Lruth’ available to the Chinese in their own language. From 1675 onwards the emphasis was on informing 
the people of Europe about the thought and technology of the Chinese. 

205 UNESCO (1976), vol. 5 (3), p. 1271 28° UNESCO (1969), vol. 4 (2), p: 906. 

27 Ntao Tse-Tung (1954), Vol. 2, p. 224. 

268 SCC. vol. 4, pt. 2,pp. 387 7 

2 See SCC. vol. 4, pl. 2. p; 389. 


Couling (1917), sub. ‘Steam vessels. 
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In 1868 the first two steamships of substantial size built in China were launched 
from the Kiangnan Arsenal and the Fuchow Dockyard. From then till 1874, 
fifteen further vessels were built at the dockyard. Such wasthe accelerating pace 
of innovation. 


A leading figure in the attempt to make good the years lost at the end of the 
Ming period, when China’s sca-power was cut to the bone, was Lin Tse-Hsti aK Bl 4 
(1785-1850), who, in addition to his heroic attempts to prevent the importation of 
opium to his country, which could not be wholly successful in the face of British 
sea-power, assembled a staff of translators who were able to sift Western periodicals 
and books for information on sea-power, ship-building, maritime defence, and other 
military matters,?/' and make it available to China. He also encouraged experi- 
mental work and the testing of guns and ships.?/? ‘The followers of Lin Tse-Hsii?” 
specialised in a range of enginecring techniques which included gun-casting, optical 
instruments, steam-engines, steam-boats and steam-locomotives, the making of gun- 
powdcr, mines, bombs, fuses and shells, and more generally all aspects of gunnery, 
the positioning of defence batteries and the mounting of artillery within defences. It 
will be noted that Literary Chinese, reinforced by a growing technical vocabulary. 
was still in use as the language of science. 

Allthrough the 18th century an awareness of the need for government to be able to 
communicate with the less literate part of the population was growing. There was a 
solid foundation on which to build, for the administration of China was based on an 
assumption ofa certain level of litcracy even in the most rural places. Tax obligations, 
for example, were listed in detail on a single document, and this document was passed 
from household to household, with penalties for failing to pass it on. For this to be 
workable every village must have had a reasonable number of people literate to the 
level required for tax demands.?”4 Information for peasants concerning agricultural 
techniques, famine foods and medicines was also communicated by posters, as well 
as changes in rules and regulations. Nor in umes of village uproar and commotion 
would the inhabitants fail to have recourse to the written word with the posting on 
village walls of denunciatory poems.?”° 

Wang Hui-Tsu 9 #8 44 (1731-1807), a competent administrator and critical his- 
torian, spoke out powerfully on behalf of simplified Janguage ‘in all written public 
notices, since people usually find it difficult to understand the written language and 
soon tire of trying to read longwinded and verbose documents’.2”° Atsuch a time the 
™ UNESCO (1976), vel. 5 (3), pp. 1264-5. 

2 Tn this he placed China ahead of Turkey, which in the 15th century had led the world in the use of heavy 


arullery, but thereafter entered a period of decline which was not arrested ull 1923 with the advent to power of 
Kemal Ataturk. 

273 Memoranda by such men occupy chapters 84 to 95 of the 1852 edition of the Hai Kuo Thu Chih #4 AE & 

%1 Rawski (1979), p. 14- 

73 Rawski (1979), p. 10, which recounts such an incident in 1844 in Kwangtung. As Christoph Harbsmcier once 
observed: ‘Tt is healthy to reflect that literacy is no lower and was no lower in China than in comparably developed 
other nations enjoying the benefits of alphabetic scripts. The linguist Bernhard Karlgren was certainly right when 
he emphasised that ultimately the difficulty of learning Chinese characters was not in fact the most difficult thing 
about learning Chinese.” 

278 Rawski (1979), p. 15, and sce Balazs (1965). p. 56. 
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Western conception of a newspaper had only to be planted for it to strike root. This 
occurred in 1827 with the publishing in Canton of the English language newspaper 
The Canton Register. The idea of publishing news was by no means an innovation 
to China, for government information had been circulated by means of a gazette 
similar in content to the London Gazelle (which was first published in Oxford in 1685), 
but anticipating this by six and a half centuries or more.?/” ‘The Peking Gazette (Ching 
Pao FH $h or Ti chhao B88) was issued daily except at the New Year Festival (unlike The 
London Gazetle, which only came out twice a week), and announced Court movenients, 
lists of promotions, Imperial Rescripts, Edicts and the like. Although of restricted 
circulation it was avidly read in the provinces, and the copying of it in abridged form 
and sale at a reduced price constituted a minor local industry.?8 

The European newspaper differed from the previous gazettes in its aim, which 
was to enlighten, and in its content, which came to include informative articles on 
science, moral questions and popular progress as well as news of current events. 
Given the aim of such newspapers, and the fact that they depended for their success 
on attracting a wide circle of readers, it was inevitable that the language in which 
they were expressed should have approximated more and more to that of the largest 
possible number of readers capable of paying for a copy. 

It is not possible to trace here the development of foreign newspapers in China from 
the beginning of the Canton Register in 1827 to the end of the century when there were 
twenty-five or thirty, excluding periodicals, nor of newspapers in Chinese, which by 
the end of the century numbered seventy or more.?”® It is often difficult to say when 
a missionary circular letter becomes a newspaper, and when an English-language 
newspaper which begins by having occasional articles in Chinese, and then a column 
or a page, can be described as having become a Chinese-language newspaper. But 
for a firm date we may note that John Fryer, of whom more will be said before 
long, assumed the editorship of the Chiao-hui hsin-pao #@ # #f. (Mission News) in 
Shanghai in 1866, the paper having been started in 1862. 

Newspapers certainly helped to spread education, ifnot literacy, for being written 
in Literary Chinese they could be read in all the provinces, and not merely on 
the coast where they originated. In 1895 there were ninetcen Chinese newspapers 
published in China, Hongkong and Macao, but only three years later the number 
had increased to over seventy, an indication of the rate at which the pressure for 
change was building up. By the beginning of the 20th century there were seventeen 
newspapers in Chinese in Shanghai, some of which were said to have circulations 
of 10,000 a day.78* Experiments were also being made in the language in which 
they were expressed. About the year 1900 a small monthly periodical was started 
in Canton which used a Romanised form of Cantonese, and in 1902 one of the 


277 On the London Gazette first edited by Joseph Williamson, and to include Sir Joseph Steele among its later 


editors, see the /farmsworth Encyclopaedia, vol. 5, p. 3874. An indication of the need for an international language, 
now that Latin was no longer acceptable, is the Fact that the Londen Gazette was also published in French until 1696. 

278 Sec Couling (1917), p. 429. 

79 Ball (1904), pp. 478 Il. 

80 An interesting survey of the state of the press in China as it was at the turn of the century is given by Ball 
(19@4), P. 479. 
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Hongkong Chinese newspapers began printing occasional picces in colloquial, that 
is to say, using logographs to represent words as used in the vernacular, and not 
in the style of Literary Chincse.?*! This, however, is to anticipate the great effort 
which was being made, following the lead set by Lin Tse-Hsii 4 Bll 4, in promoting 
modern technology, translating Western and Japanese books, and equipping Literary 
Chinese with an up-to-date scientific vocabulary. 

Lin lse-Hsü had died in 1850. But a young man of great intelligence was now 
preparing to bring to bear a comparable dynamism for the modernisation of China. 
This was Li Hung-Chang Æ y8 Æ (1823-1901). In 1863, when he was Acting Gov- 
ernor of Kiangsu Province, he obtained authorisation for a school of translators to 
be set up in Shanghai, similar to one which had just been established in Peking.?*? 
Two years later he was able to set up China’s first Western-type arsenal with the 
help of Dr (Sir Halliday) Macartney, an officer seconded to him from special service 
with the British Army.”*3 This was at first simply a machine shop for the production 
of weapons, but later it was found that the workmen it employed needed training, 
and a mechanical school was therefore added in 1867. In 1868 authorisation was 
requested for the addition of a translation department. Li Hung-Chang had already 
left the scene, becoming Acting Governor General in Nanking in the summer of 1865. 
The project had, however, by this time acquired momentum of its own, but Tseng 
Kuo-Fan $8] #, who had been appointed Governor General of Kiangnan and 
Kiangsi Provinces in South China, in which fighting he was desperately engaged, 
nevertheless found time to secure the authorisation of the department from Peking. 
The translation department, which had since 1863 been functioning independently 
in Shanghai, was therefore transferred to the Arsenal complex, in effect from carly 
in 1868, though not with full authorisation until November of that year. In Tseng 
Kuo-Fan’s memorial applying for this adjustment to be made, he also suggested and 
secured permission to establish a training school for linguists. ?8+ Even before the pro- 
posals had been officially approved, a Dr John Fryer, formerly mission school teacher, 
and later, as just noted, editor of the missionary newspaper Chiao-hui hsin-pao, was ap- 
pointed as translator at the Arsenal, which now included four departments, (1) the ar- 
senal and machine shop (1865), (2) the mechanical training school (1867), (3) the trans- 
ferred translation department (1868), and (4) the school for training linguists (1868). 

The Chinese bureaucracy of this period is often accused of endless procrastination, 
corruption and incompetence. Nevertheless, two facts emerge from this affair. One 

281 Ball (1904), p. 479- 282 Bennett (1967), pp. 18 tÈ 283 Hummel (1943), vol. 1, p- 465- 

28t Bennett (1967), pp- 18—20. On the early introduction of modern chemistry to China, and the work of the 
Kiangnan Arsenal we have already written in SCC, vol. 5, pL- 3, pp- 250 ££ h would be wrong to give the impression 
that the staffofthe Kiangnan Arsenal confined their interestte translation in and from English. Marianne Bastid. 
personal communication, 21 December 1985, points out that the Foochow Arsenal was built with the help of French 
technicians in 1866 and that the [French] Navy Archive report (Service Historique de la Marine BB! 1555, Rapport 
du sous-ingénicur de division Thihaudin. juin 1868) refers to glossaries of Chinese translations for technical terms 
compiled by the French engineers and teachers. She continues: ‘the French director, Prosper Giquel, who himself 
could speak and write Chinese rather well. thought it necessary to teach French to the Chinese stafl} including 


workers’, She continues: ‘Among the early workers at the Arsenal was a small group from Hong Kong and those 


may have conuibuted something also because they had worked in the small British dockyards which had been 
established there’. 
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is that when the government wanted to push something through quickly, it could do 
it. Tseng Kuo-Fan made his proposals in a memorial to the throne ‘in the [early] 
autumn of 1868’. It was approved by 1 November of the same year, i.e. in a matter 
of weeks. There are few government departments today which could deal with the 
establishing of a new institution with such dispatch! 

The second fact is the high level of delegation and of mutual trust between func- 
tionarics cnabling the Arsenal to engage and start paying their foreign translator six 
months before the project in which he was working had been officially approved. 

Now began a second period of intense translating activity comparable to that 
introduced by the Jesuits two centuries before. The number of scientific works pub- 
lished by Fryer and his colleagues in approximately thirty years appears to be 174, 
with another twenty or more translated but not published and excluding books which 
were more general than scientific.72° This compares very favourably with the grand 
total of approximately 340 books and sundry documents on all subjects, translated 
over a period of more than two centuries into Literary Chinese by the Jesuit Fathers 
whose total number with dates was shown by Pfister as 442 and whose strength at 
its peak rose to 113, though it must be remembered that the Jesuits’ main object 
was cvangelisation, that they were translational pioneers, and in their second phase 
were also translating Chinese books into European languages. This was brought to 
a splendid climax by the heroic Amiot when the mission was under fire from many 
quarters. Nevertheless the work of the Kiangnan Arsenal was of critical importance 
in enabling Literary Chinese to adjust to the demands put on it by modern science 
which was developing in Europe with explosive rapidity. 

If the influence which these translations had on the minds of the reading public 
and on the future development of the Chinese language is to be assessed, they must 
be looked at from several angles. To begin with, Fryer himself was disappointed that 
the very Arsenal which had commissioned the work sometimes made no use of the 
product, which he found it ‘difficult to account for’.*8’ But it must be remembered 
that a good source book does not necessarily make a good textbook for teaching 
purposes. On the other hand, more than 30,000 copies of books published between 
1870 and 1880 were sold from the Arsenal itself. Many more were sold from other 
book centres.8° There was a spurt in sales after 1890, and through all this period 
there is the indirect testimony of pirated editions selling vigorously at reduced price 
to indicate a healthy demand.*8" 

The influence of these books on some of the younger generation who were be- 
ginning to play a major role in the modernisation of China is suggested by the fact 
that Khang Yu-Wei 4 A (1856-1928), for example, bought copies of all the works 
which the Arsenal had published. A few years later Liang Chhi-Chhao # f& #8 (1873-— 
1929) and his brother also bought many of the published works. ”®® Than Ssu-Vhung 


285 Sec p. 194 above. 286 Bennett (1967), Appendix IT. pp. 82 fE. 

287 Ibid. p. 4t, n. 67. 288 Ibid. 

289 Ibid. ‘Copied by photolithography in small characters and sold at absurdly small prices’, as Fryer observed. 
290 bid., pp. 42-3. 
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7 pd [=] (1865—98), the first martyr of the 1898 reform, was a voracious reader of 


translations of Western books, and was certainly familiar with some of those from 
the Arsenal. It is evident that at the very least the style of Khang Yu-Wei was in- 
fluenced by what he had read to the extent of absorbing much of the terminology 
which had been evolved in the course of Arsenal translation work.?9! 

The manner in which the translations were made was for the foreign book to 
be taken passage by passage. First the reader of the foreign book who was fluent 
in colloquial Chinese would translate the passage into the colloquial. If there were 
points in doubt they would next be settled. Then the Chinese translator would turn 
the colloquial translation into Literary Chinese, and this when polished wouldappear 
in the Chinese version of the book. The main difficulties do not appear to have been 
in the nature of the literary language itself, but in the need to invent terms for words 
and concepts which had net till then made their appearance in Chinese natural 
philosophy. The procedure was 

(1) to find an existing term which could be used without distortion of meaning 
beyond what was acceptable. This practice was very much used in English in the 
early years of the Scientific Revolution, as when the word stroke, meaning a blow with 
a weapon, came to be used in the sense of the movement of a piston in the cylinder, 
or of a certain type of brain damage. 

(2) If no existing term came to mind Fryer and his collaborators would find an 
archaic or obsolete character which could be pressed into service, and would give 
it a new and precise meaning, ‘This may be compared with the botanists of Europe 
taking ancient Latin terms and giving them a new botanic precision, or chemists 
taking the ancient word aether which had at one time indicated a fifth element, and 
using it in the precise sense of (C.,H;),O. 

(3) Sometimes, when the concept was new, it was necessary tocoin anew character. 
There are many of these among Chinese terms used in modern chemistry. ‘Oxygen’, 
yang 4, is an example. This may be compared with the new inventions of Europe, 
such as ‘gas’ or ‘laser’. 

(4) Sometimes what was invented was not a new character, but a new descriptive 
term formed from much used and well-established characters, some of which had 
changed meaning in the course of history. This type of invention had a long tradition 
in China, as is illustrated in the term ‘wind-chasing gun’;?” a similar procedure in 
English may be seen in the invention of such terms as ‘crocodile clips’ and ‘butterfly- 
nuts’. 

(5) Transliteration of foreign words. When describing the sinicisation of modern 
chemistry above??? we spoke of ‘the age-old dilemma confronting translators from 


2" Thid., p. 43- Nathan Sivin has pointed out. however, in his review of Bennett (1967) in Jses, 61 (1970), p- 281. 
that the place ofthe Kiangnan Translation Burcau’s output in the overall translation effort in China. has notin that 
work been properly evaluated, and suggests Wright (1957), fora well-documented overview, in addition to Chinese 
sources. 

292 This term. Za chui feng chhiang KiE ASB, is translated as ‘large blowing-away-the encmy lance-gun’ in SCC. 
vel. 5. pl. 7, p. 455- Other similar names (or weapons are: the ‘gripped-lightning musket’ (chhe tien chung Y $h) 
and the Fast thunder musket’ (sin lei chhung WB HF). See SCC, vol. 5, pt. 7, pp. 442. 448-455- 

293 SCC, vol. 5, pt. 3, P- 253- 
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alphabetical languages into Chinese. . . . Should one employ an already existing . . . 
technical term, and risk a fatal distortion of one’s meaning? . . . Or should one 
transliterate the foreign polysyllabic term or name into a string of monosyllables in 
meaningless juxtaposition, then define the ugly compound resulting?’ This dilemma 
was gencrally resolved by using one or other of the first four methods just described, 
but a few transliterations seem to have made themselves a permanent niche in the 
language, such as a-ssu-pi-lin ff pt, AK (aspirin), and ko-lo-fang $F 2 4h (chloroform). 
In general Chinese finds it far easier to accept new descriptive terms in which 
the characters give some indication of the meaning, as in wez-sheng-su #8 & (life- 
maintaining quintessence) for vitamin, rather than a meaningless transliteration as 
in the earlier term we?-tha-ming gE 4 €r. 

Although much stress has been laid on the work of John Fryer and his colleagues, 
progress in the modernisation of Chinese science, and of the language with which 
to express it, was gathering momentum in many different centres at the same time, 
leading to problems in the standardisation of terms which eventually had to be re- 
solved. What is so impressive in the work of the Kiangnan Arsenal is its scope. One 
cannot make an accurate translation of a technical term unless one understands the 
science behind it. Omitting fields of special applications of the sciences, the topics and 
sciences covered by Fryer alone include the following: acoustics; agriculture; algebra; 
analysis; anatomy; arithmetic; arniaments; astronomy; botany; calculus; chemistry; 
coast defence; coinage and minting; conic sections; dynamics; economics; electricity; 
engineering; fluxions; fortifications; geography; geology; geometry; gunnery; heat; 
hydraulics; hydrodynamics; hydrographical surveying; hydrostatics; hygiene; inter- 
national law; light; magnetism; materia medica, mechanics, medical jurisprudence; 
mensuration; meteorology; mineralogy; mining; model drawing; naval architec- 
ture; naval manoeuvring; naval regulations; navigation; palaeontology; photogra- 
phy; physiology; pneumatics; political economy; probability; prospecting; survey; 
therapeutics; trigonometry; X-ray; zoology. 

The number of technical terms which this extremely wide range of topics implies is 
positively daunting. Apart from the gifts of the translators, their success can perhaps 
be attributed to three factors: first, the urgency of the situation — China’s survival as 
an independent nation depended on it; secondly, the very friendly relations which 
existed between the team of translators; thirdly, the fact that the central government 
in Peking was prepared to delegate responsibility. After they had made clear what 
they wanted to be done, and had set the guidelines, they didn’t interfere — the ancient 
Taoist principle of wu wei #4 A, — but left the translators to get on with the job, even 
to the point of leaving it to Fryer to decide which books he would translate. One can 
imagine how much would have been produced under a heavy-handed bureaucracy. 

By the end of the century chemistry and the other sciences were being widely 
taught in China. Whatever shortcomings the Kiangnan Arsenal translations may 
have had, they had brought China to the point of take-off for modern science. The 
old language of Literary Chinese had proved itself extremely adaptable and the 
adaptation had been accomplished at astonishing speed. Many hundreds of new 
terms had been created, and as Nathan Sivin has said, ‘their success can easily be 
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verified by the number of these terms which have survived into the Chinese literature 
of today’.2*4 Fryer himself testified to the adaptability of Literary Chinese, and few 
Western writers have been in a better position than he to appreciate it. As early 
as 1862 he declared that ‘the Chinese language like other languages is capable of 
growth’, and believed that the Chinese language presented no serious problems for 
purposes of translation.2"° What is particularly interesting is that he even went so 
far as to say, in comparing Chinese with Western languages: ‘our systems have no 
more right to universal use than the Chinese. Their ancient and wonderful language 
which for some reasons is more suited to become the universal language of the world 
than any other, must not be tampered or trifled with . . 2% 

The situation at the turn of the century was therefore, as we pointed out above in 
SCC, Volume 5, part 3 (p. 262), that Literary Chinese had proved itself well capable 
of adapting to the needs of modern scientific writing, and yet, by 1917 it was formally 
dead. Many of the reasons are clearly the same as in the West — the growth of 
the modern nation-state with its stress on universal literacy, the time and expense 
needed to acquire a classical education, the economic pressure on newspapers to be 
published in a simple language related to the vernacular of the common people, and 
so on, together with one disability which was not shared with Latin, namely that it 
was not comprehensible when read aloud. There could be no equivalent of a public 
orator at a university addressing his audience in Literary Chinese, whereas in the 
West this was possible in Latin, and had been done for centuries, persisting into the 
present age until the fiction that at least the majority of listeners could understand 
what was being said finally broke down. 

It is not necessary to describe the transition from Literary Chinese to written pai- 
hua 2 and spoken phu-thung-hua 3 34 2§ since they arc events of the 20th century, 
and fall outside the range of these volumes. It will suffice to note that following 
the establishment of the Shih-wu Hstieh-thang 64 474 # (the Academy of Current 
Events) by Than Ssu-Thung 3 Af] in Changsha in 1897 the par-hua movement de- 
veloped rapidly. ‘he abolition of the Civil Service Triennial Examinations in 190579" 
sounded the death knell for Literary Chinese as the language of administration, and 
the Literary Revolution of 1917 formally established paz-Aua in its place. Yet it would 
be an exaggeration to say that Literary Chinese is dead. It is still a vehicle for. poetry, 
and for as long as it forms even a small part of Middle School curricula, the gap 
between pai-hua and Literary Chinese will not be unbridgeable for a determined stu- 
dent. It may have a normative influence in other ways, not least on the development 
of languages for science in the future, in a way that Latin can no longer hope to do. 


294 Quoted from Sivin’s review of Bennett, in Technology Review (March 1970), pp. 17-18. 

295 Bennett (1967), p. 30. See also SCC, vol. 5, pt. 3, p- 262. 

2% Bennett (1967), p- 31, quoting Fryer’s ‘Scientific Terminology: Present Discrepancies and Means of Securing 
Uniformity’, 1891 in Miscellaneous Pamphlets (n.d.). vol. 1, no. 1, p. 1t. 

297 The exhaustion of the type of language required for the Triennial Examinations had an adverse effect on 
the gencral use of Literary Chinese comparable to the adverse effect on the use of Latin caused by its misuse at the 
hands of the alchemists. 
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(A) CONCLUSIONS 
JOSEPH NEEDHAM 


(1) SCIENCE AND CIVILISATION IN CHINA 


The seed from which this whole series of some thirty volumes of Science and Civilisation 
in Clana would eventually sprout, was sown in 1937 when my future chief collaborator 
Lu Gwei-Djen %4 came to Cambridge, and, with her two fellow-biochemists, 
acted as evocator of the series. I was then a research biochemist, specialising in the 
study of embryonic life. It is interesting to observe, as Francis Bacon mighthave said, 
the affiliation of events and people. I had been secretary of the Cornford-McLaurin 
Fund, set up to help the relatives of those who had been killed in the International 
Brigade in the Spanish Civil War, and this indication of my sympathies it was which 
had led the Chinese to Cambridge. Lu Gwei-Djen felt that Cambridge was the place 
where the laboratory atmosphere would be truly agreeable, and Needham was the 
man, and so it happened that they all came to Cambridge. 

Lu Gwei-D jen worked with my first wife, Dorothy Needham, on aspects of muscle 
biochemistry; while Shen Shih-Chang 34,24 Æ worked with me on the ultra-micro- 
manometers (the ‘divers’) introduced by Londerstrom-Lang in Denmark a short time 
before. Wang Ying-Lai = JÆ X, on the other hand, worked with the discoverer of 
cytochrome, David Keilin, at the Molteno Institute. After two or three years they all 
separated, I.u Gwei-D jen and Shen Shih-Chang to America, where she worked first 
in California and then at the Columbia Medical Centre in New York, while he found 
a permanent post at Yale University. Wang Ying-Lai returned to China, and spent 
most of his life as Director of the Shanghai Institute of Biochemistry. Lu Gwei-Djen 
spent the whole of the war in America, returning to China only at the end of it, in 
time to become Professor of Nutritional Biochemistry at Chinling 4¢f% College, 
Nanking, but she was then called out again to UNESCO in which secretariat she 
worked for nine years. In 1957 she came back to Cambridge and never left it up to 
her death in 1991, except for relatively short visits with us to China and Japan or for 
conferences. In 1987 my first wife died, and two years afterwards Lu Gwei-Djen and 
I got married. But let me return now to 1937. 

It was from working with these young biochemists that I found that their minds 
were exactly like my own. That raised in an acute form the problem of why modern 
science had not originated in China. They had such an influence on me (much more 
than Cambridge ever had on them) that I began to learn their language, which in 
its written form is particularly difficult for Europeans because it is ideographic, er, 
as we now say, ‘logographic’, and not alphabetic. I did not know a single Chinese 
character before I was thirty-seven years ofage, but eventually I became quite fluent 
and I used to say that reading a page of Chinese was like going for a swim on a 
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very hot day, because it got you completely out of the alphabet. But it is one thing 
to learn Chinese as part of the Oriental Studies Tripos in Cambridge, and quite 
another thing to learn itas a labour of love, which was my case. 

It was from my friendship with these young biochemists that I first began to suspect 
that Chinese civilisation had from very early times made immense contributions 
to medieval science and technology, which have since flowed into the ocean of 
modern science. This is the story told by Volumes 3 to 6. Volumes 1 and 2 arc 
essenually introductory, and Volume 7 attempts to explain why it was that modern 
science first developed in Western Europe, and only there, sketching out in a series 
of contributions some of that vast complex of factors which helped and hindered the 
development of modern science in different parts of the world. 

My first collaborator was Wang Ling = 44 (Wang Ching-Ning = ## Æ), whom I 
had originally met when he was a Junior Fellow of Academia Sinica’s History and 
Philology Institute, then evacuated to Lichuang Æ af in Szechuan. He was then 
working on the history of gunpowder, and that was what made Volume 5, part 7, 
a crown of his eflorts. We began the actual writing of Volume 1 in 1948 and it was 
eventually published in 1954. 

I would like also to add here the name of Lu Gwei-D jen who collaborated with 
me in the writing of Volume 4, part 3, and other parts of the work to be listed below, 
but who was so much more to me than a collaborator. 

Then there are many others whose work does not actually appear in the final 
publications, but also who nevertheless contributed greatly with their ideas. Among 
these I would mention Derk Bodde and Janusz Chmiclewski. 

With the publication of my ‘General Conclusions’ at the end of this Volume 7, the 
enterprise that we call Science and Civilisation in China may be considered as virtually 
completed. Only a few gaps in the overall plan, dealing with specific aspects of 
technology, remain to be filled. These will be published as the manuscripts become 
available, but I doubt whether these would seriously change the Conclusions we 
have drawn from the survey that my collaborators and [ embarked on more than 
fifty years ago. 

At this point, our readers may well say, “You have written more than 20 volumes 
on Science and Civilisation in China. What precisely do you mean by “China”, by 
“civilisation” and by “science”? This question deserves to be asked. When we speak 
of the history of China we may be referring to the history of Chinese civilisation 
during different periods but we may also be referring to the history of the Chinese 
geographic space.! Discussion of China, if it is to be precise, must define which 
parts of East Asia are to be considered as China at any particular time; these have 
varied enormously. Next one should be able to say what the criteria are by which 
the civilisation which we call Chinese can be recognised. This we have attempted to 
do, and throughout the successive volumes we have related Chinese civilisation to 
neighbouring civilisations where possible. 


' This iswell illustrated in Chang Kwang-Chih (1963), pp. 299 fF. 
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The civilisations of very early times can be differentiated by fairly small sets of 
characteristics, though no single factor alone, as Chang Kwang-Chih 5%3¢ & has 
pointed out, makes a civilisation appear.” If we wish to bring a civilisation into focus 
with more detail we must narrow the time span and the geographical area, and 
include more characteristics. As an example of this we may cite the eleven traits or 
characteristics selected by Chang Kwang-Chih as typifying the Chinese neolithic 
culture tradition.* They are as follows: 


r. The cultivation of millet, rice and kao-liang $ % (and possibly the soybean). 

2. The domestication of pig, cattle, sheep, dog, chicken and possibly horse. 

3. The hang-thu # + (stamped earth) structures and the lime-plastered house floors. 
4. The domestication of silkworms and the loom(?) — weaving of silk and hemp. 

5. Possible use of tailored garments. 

6. Pottery with cord-mat-basket designs. 

7. Pottery tripods (especially “ng $ and 4 f) and pottery steamers (tseng BR and yen 

fa) and the possible use of chopsticks. 

8. Semilunar and rectangular stone knives. 

g. The great development of ceremonial vessels. 
10. The elaborate complex of jade artefacts; a possible woocl-carving complex. 
11. Scapulimancy. 


This early culture could be readily distinguished from others of that time which 
cultivated rice but not millet, which domesticated the pig but not the sheep, which 
wove cloth from hemp or flax but not from silk, and so on. Similarly it can be 
distinguished from modern Chinese civilisation in that the Chinese among other 
things no longer practise scapulimancy, and now make vessels of metal and various 
plastic substances as well as clay. China geographically is a fluid conception, and the 
civilisation to be found there is to be clistinguished from others by sets of characteristics 
which have changed from century to century. 

We may also look at the word ‘science’ as it is used generally and as it is used in 
our Serence and Civilisation in China series. Here again it is important to refer the word 
‘science’ to the particular period in which it was used. 

In Science and Civilisation in China we have viewed science at three levels, first what 
we call proto-science, such as is found in ancient Babylonia; then medieval science, 
such as is found in China before about the year 1700 and in Europe before 1500 
approximately. ‘Thirdly we refer to modern or international science. I disagree with 
those who call modern science ‘Western’, for though it began in Western Europe it 
has long ceased to be exclusively Western. Indeed I have pictured modern science 
as being like an ocean into which the rivers from all the world’s civilisations have 
poured their waters. 


24 * 
2 Ibid. p. 35. 
3 But also see Ancient China’s Technology and Saence, Institute of the History of Natural Science (1983). 








202 50 GENERAL CONCLUSIONS AND REFLECTIONS 


In discussions on this subject we have concluded that the growth of science may 
now be viewed in the following five stages: 


(1) The primitive stage, when a body of techniques was developed. This may be 
referred to as proto-science.* 

(2) The medieval stage, when bodies of sophisticated techniques were differentiated 
and gencral principles formulated, often related to some all-embracing theory. 

(3) Renaissance science, when universal laws were believed to apply to nature, but 
individual sciences were not thought of as components of one general Science.° 

(4) 1gth-century ‘modern science’ when cach individual science is thought to exem- 
plify a system of universal laws, and that the principles and procedures of rigorous 
description and explanation in physics may in time be fitted to the entire vari- 
ety of the more complex sciences from chemistry to linguistics. This Scicnce is 
thought of as a Unity. 

(5) 2oth-century attempts to establish a canon of accepted Unity of Science. Growing 
realisation that the ‘Laws of Nature’ are conjectural descriptions of the structural 
properties of Nature (e.g., Popper (1972), p. 190); and appreciation that science 
is radically human, that man is part of the context in which the conjectural 
descriptions of the properties of Nature have been formulated, that all disciplined 
enquiries are affected by this relationship, and that science has been brought forth 
by our cultural development from a multiplicity of historical structures. The idea 
of the Unity of Science is perhaps one of our mental constructions. 


I believe in making a sharp distinction between modern science and that which 
preceded it, namely ancicnt and medieval science. Modern science, to my mind, 
consists in two things, the mathematisation of hypothcses about Nature on the one 


* Inthe area of mechanics, for example, the Mohists took the initial steps to help progress along this path. The 
Mo Ching $% (—5th to the —4th century) mentions the theory of the centre of gravity in steclyards, stress and 
deformation of solids in wooden beams and buoyancy. From the He Ching onwards many tools and machines were 
developed using the principles of mechanical motion. The Ahae Kung Chi $ ie, for example, explains how the 
number off cathers on an arrow could affect the speed and accuracy of the shot. This was more advanced than the 
Aristotelian school of physics which thought that all missiles flew in a straight linc. 

> Lindberg (1990), pp. 13-15, describes how Pierre Duhem (1861-1916) argued the case of the rehabilitation 
of medieval science. He believed that the development of science was a steady, continuous progression, from 
primitive beginnings to a mature description of nature. Other scholars also arguing for medieval science were 
Lymn Thorndike (1882-1965) and Marshal! Clagett. Duhem’s assertion of ‘continuity between medieval and early 
modern science was a revolutionary event in the historiography of science’. In his research into medieval science, 
he encountered figures such as Jordanus de Nemore, Albert of Saxony, Themo Judei, Jean Buridan and Nicole 
Oresme. The two major opponents of this view were Edwin E. Burtt (1892-1989) and Alexandre Koyré (1892 
1964). Burtt would date the period of scientific change to hetween 1500 and 1700, basing his opinion on the 
work of Copernicus, Kepler, Galileo, Descartes, Boyle, Newton and others less well known. For an account of the 
differences between Chinese and Western science and a study of the effects of the reaction to the Jesuits, sec Gernet 
(1980). 

€ McMullin (1990) explains the differing conceptions of science held by different philosophers, among them 
lsaac Newton (1642—1727) and John Locke (1632-1704). Newton was very much against hasing his theories on 
hypothesis since this did not supply completely concrete proof, but instead used inductive and deductive methods. 
On the other hand, Locke saw hypothesis as allowable, since he recognised that many of the effects in nature are 
invisible and therefore require con jecture, and that hypothesis should be tested against experiment. Sece MeMaullin 
(1990), pp. 67-76. The contribution of Goodman and Russell (1991) is particularly valuable here. 
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hand, andon the other continuous and relentless experimentation.’ In my opinion, 
there is no science outside modern international science. 

In conferences one sometimes hears it said that, for example, ‘this would be 
impossible in Muslim science’. I cannot agree that in the modern world there is such 
a thing as Muslim science, Japanese science, American or Russian science except 
as an abuse of the word science, unless one means Muslim, Japanese, American or 
Russian use of modern science. 

Since the time of our first volume, attitudes towards Chinese civilisation among 
thinking people have greatly changed. Not only have great changes come about in 
the way in which Chinese civilisation is viewed and appreciated by Western na- 
tions, but enormous improvements have been made in the methods of studying 
Chinese civilisation. New tools have been created — dictionaries, indexes and trans- 
lations, often of previously untranslated works, and an array of machines in the 
fast-developing world of computer technology. Archaeology has revealed not only 
artefacts and monuments previously unknown (such as the sky-maps on the ceilings 
of Han tombs) but has solved some of the enigmas of Chinese history and has given 
back to the world portions of a literature lost or forgotten, but now recovered from 
inscriptions on bronze vessels or written in ink on wooden tablets, bamboo strips 
and burial silks. ‘he tombs at Ma-Wang-Tui of —168 are outstanding examples of 
these things. Collections of books have been discovered, including many hitherto 
unknown, for example the HWi-Shih-Erh Ping Fang A -} Z 4% 7 (Recipes for the Fifty- 
two Diseases), and the great advantage here is that such books have not been subject 
to imposition of intellectual trends in the name of orthodoxy. Finds such as these 
from Chinese antiquity may well be compared with the Egyptian papyri recovered 
from Oxyrrhincus. Among the recent discoveries of Chinese archaeology, we must 
mention the complete sets of bells and stone chimes, something we were unable to 
take account of in the section on physical acoustics in Volume 4, part 1.2 Archae- 
ology too has revolutionised our knowledge of Chinese music, and correspondingly 
acoustic studies have been pressed into increasingly specialised fields. When we pub- 
lished Volume 4, part 1, the splendours of a full Thang orchestra as reconstructed 
by Lawrence Picken had not yet been heard. 

Again, in a number of our volumes we have now been overtaken by events. Far 
more is now known about Chinese mathematics than could be set forth when 
Volume 3 was published. Blemishes and omissions in our work there are bound 
to be. But we may console ourselves with the thought that Science and Civilisation in 
China has provided a model for similar studies of other great civilisations. 

Up to 1945 sinology was concerned almost exclusively with pre-imperial times, 
while in the 19th century pre-imperial studies were left for civil servants, missionaries 


7 Fer a brilliant acceunt ef the histery ef medern science in the West, see Rebinsen (1993), chapter 1. With 
regard te eur list ef Chinese inventiens and disceveries, his werds are similarly very appropriate when he describes 
the Chinese mechanical pewer seurce and its applicatiens (p. 192). 

è? See Chhen Cheng-Yih(1ggq). Ne acceunt ceuldthenbe taken efthisvital beek which was net published unul 
1994. Another essential beek en this sub ject is that ef ven Falkenhausen (1999). 

994. J 993 
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and journalists. In the 1930s China was widely regarded as a country of warlords, 
literati, industrious peasants and skilful artisans, but with no science and precious little 
mathematics. Indeed this was the reaction of some Cambridge scientists with whom 
I discussed my plans, ‘You won't find any science at all there’, they said. China was 
regarded as a stagnant country, where little had changed for 1,000 years, and where 
the written language encouraged artistic vagueness, and was inimical to precision and 
abstract thought.” And yet, as we were later to show, the first of all escapements of the 
mechanical clock was essentially Chinese. From China too came many more inven- 
tions than we were able to show in our first volume, which we shall list before long. 

We shall soon draw attention to those areas of discovery or to those items of 
invention which we have previously noted as being of Chinese origin, or occurring 
earlier in China than elsewhere. For example, it is not yet generally realised that the 
Chinese pioneered the place-value system with decimal notation as used in modern 
mathematics,'" or that they were the first to solve the problem in horology of how 
to construct a wheel that would revolve slowly and regularly.'!' Recognition is now 
commonly accorded to the Chineseinvention of gunpowder, though itis of ten vitiated 
by the misinformation that the Chinese, being peace-loving people, used it only for 
the making of fireworks. This, nevertheless, is an advance in knowledge since the 
time of Francis Bacon, who was aware that gunpowder, printing and the magnet, 
i.e. the mariner’s compass, were all inventions new to Europe, though where they 
had come from he could not say. In SCC, Volume 1, p. 19, [ quoted from his Nevwm 
Organum, book I, aphorism 129 as follows: 


Ttis well to observe the force and virtue and consequences of discoveries. These are to be seen 
nowhere more conspicuously than in those three which were unknown to the ancients, and 
of which the origin, though recent, is obscure and inglorious; namely, printing, gunpowder, 
and the magnet. For these three have changed the whole face and state of things throughout 
the world, the first in literature, the second in warfare, the third in navigation; whence have 
followed innumerable changes: insomuch that no empire, no sect, no star, seems to have 
exerted greater power and influence in human affairs than these mechanical discoveries. 


One would expect that alter some forty years or more, some of the inventions and 
techniques which originated in China and were transmitted to the West as shown in 


? Tt is hardly conceivable that anyone today should write a book entitled Why China Has No Science as Feng 
YurLan A # did in 192:2. But, this view survives to the modern day: See Chhien Wen-Ytan (1985). Feran interesting 
comparison between this book and my own, see Gutmann (1992). A remarkable book by Kang Teng (1993) came 
out while this was in the press. He took the agriculturalist writers of Ving-Shu ® # and shows that they were all 
very forwarcl looking, giving important details about the roller mills and water mills. With regard to the question 
of why China in modern times [ell behind Eurepe in terms of technology, he gives reasons such as the continuous 
uprisings and foreign wars as well as natural disasters such as flooding (pp. 168, 170). He argues the cffect that 
these situations had on agricultural development in China. On the other hand, he also argues the strengths within 
the agricultural system in China, that is, the connection between the literati and the non-literati (p. 173). 

' Sec George Gheverghese Joseph (r991). This is an interesting book on the non-European contributions to 
mathematics. Up to the 16th centwry, he instances (1) place value (the modern method); (2) magic squares (numbers 
which add up to the same amount whichever way you take them); (3) estimation of'n: (4) solution of higher order 
equations and Pascal’s triangle; and (5) indeterminate analysis as being of Chinese origin. 

IU In connection with horology, another example of the Chinese interest in this area is their incense scal clocks 
which were trails of powdered incense (in the form of a character perhaps) with markers at set intervals which thus 


marked the ume it took for the incense to burn and therefore acted as a clock. See Bedini (1994) for a detailed 
account. 
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‘Table 8 of our Volume 1 would by now be recognised as part of China’s contribution 
to world civilisation. Paper today is quite widely known to be of Chinese invention, 
though few are aware that our first wall papers came from China, or toilet papers 
where, Chhien Tshun-Hsün $4- 3) (Tsien Tsuen-Hsuin) intriguingly informs us, 
15,000 sheets ‘thick but soft and perfumed’ were manufactured in the year 1393 for 
the imperial family.!* 

But how many engineers are aware that Europe followed China in the use of 
interconversion of rotary to longitudinal reciprocating motion by the combination of 
eccentric, connecting-rod and piston-rod, and the opposite?'? How many gardeners 
are aware that the first wheelbarrow was made in China, and that the design most 
commonly used in Europe is the least efficient of all, since much of the weight of 
the load is carried on the gardener’s arms? ‘The later Chinese designs carried all the 
weight on the wheel. How many people who take their pleasure in boats or on horses 
are aware that the centrally mounted rudder or the stirrups, on which their pleasure 
largely depends, were both developed in China so many centuries ago? How many 
are aware that modern astronomy is based on the adoption from Chinese astronomy 
of the system used in that country of polar equatorial co-ordinates or are aware of 
China’s many contributions to mathematics listed above in Volume 3, pp. 146-7? 

Indifference to the sources of our modern civilisation is likely to persist until the 
history of science becomes a regular school subject. Yet no subject has a better 
chance of cutting threugh national boundaries and giving children an international 
outlook. ‘he Royal Society, founded by Charles II in 1660, set a splendid example 
in diffusing information. Though this was a period when the very popular ‘books of 
secrets’ came out, the Royal Society set its face against everything secretive — secrets 
of Nature or otherwise. ‘Voday, thanks to media programmes, very few such secrets 
remain unexplained. See Eamon (1994). 

Many former beliefs about China have been swept away or have been drastically 
revised by our volumes, which, we believe, make clear the reason for this revision. 
But, it would indeed be surprising if half a century after the work was started, some 
of the opinions which we ourselves then held did not have to be modified. 

In China also, many changes have been brought about, such as the simplification 
of characters and the use of phin-yin 49 ¥ (pinyin) as the national romanisation script. 
We, however, have continued to use the modified Wade-Giles system for the sake of 
consistency. 

Our younger readers may find that other idiosyncrasies convey something of the 
atmosphere of yester-year. In 1938, Nanking @ 7 (Nanjing) was the capital of China, 
and Peiphing 4b (city of Northern Peace) was a northern provincial town. When, 
in 1945, it became the capita] again, it was possible for us to refer to it as Peking, 
though it is now commonly called, in accordance with the way it is spoken, Beijing. 

2 SCC, vol. 5, pt. 1, p. 123- 

13 "The interconversion of rotary and longitudinal metion may be seen in all the internal combustion engines 
of the present day. where the travel of the piston-rod is proportional to the distance between the eccentrics on 
the main wheel. The Chinese used it only for a water-wheel working on laundry, but in Europe the piston was 


moved by steam or vapour at the other end. And this system has continued until the present day. For details of this 
interconversion, sce SCC, vol. 4, pt. 2, pp. 380 M, “Reciprocating Motion and the Steam Engine’s Lineage’. 
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Peking was the correct name within the International Postal Service of China at 
the time. We continue to use the spelling Peking for the sake of consistency, just as 
anthropologists refer to Peking Man and not to Beijing Man. 

If a single word was to be sought to describe the guiding thread which has run 
through all the volumes, I would be inclined to use the word ‘justice’. When Í started 
writing, justice was not being done in the West to the other great civilisations. The 
self-satisf action of Europeans seemed to me more and more suffocating, and I should 
like to end this introduction to my ‘Conclusion’ with some words which [ found in 
Polydore Virgils De Rerum Inventoribus of 1512, words which I used at the beginning 
of Volume 4, part 2: 


And seeing that the Arts and Crafts with other like Feats, whose inventours be contained in 
this book, are in this Realm of England occupied and daily put in exercise to the profit of 
many and the use of all men, it were in mine opinion both a pointof detestable unkindnesse 
and a part of extream inhumanity to defraud them of their praise and perpetual memory 
that were Authors of so great Benefits to the universal World. 


Having reflected briefly on the small revolution which has taken place in Western 
thinking about China, let us now consider the tremendous revolutions which have 
occurred in Chinese thinking since the high days of Lord Macartney’s embassy to 
Peking. 

The political revolution of 1911 was only one of several occurring simultaneously 
in that tumultuous age. There was a revolution in thinking, in which the old philoso- 
phies had to adopt Western values and make room for modern science. There was 
the revolution in education which this necessitated and the abandonment of the 
traditional examinations for recruitment to the civil service, and the switch from 
Literary Chinese to written colloquial, for which see above [SCC 7.2.7.6 p. 27]."* 
There was a revolution in the means of transport and the media of communica- 
tion facilitating the rapid flow of ideas. There was also a change of attitude among 
the common people, now assiduously cultivated by those in authority, who wish to 
substitute scientific thinking for traditional patterns of thought. Age-old beliefs were 
subjected to observation and testing. Ancestral graveyards were destroyed, especially 
after the communist revolution of 1949, and village laboratories were established in 
which the local people could test their soils and conduct experiments relevant to 
their interests. 

At the other end of the scale, we may notice the striking progress made in China 
in many modern sciences. Among the Nobel Prize winners, to take one example, 
there have been four Chinese; of these Li Cheng-Tao # K i (T. D. Lee) and Yang 
Chen-Ning 4% iR & (C. N. Yang) were given their awards as long ago as 1957; Ting 
Chao-Chung] #43(Samuel C. C. Ting), and Li Yuan-Che # i& #(Lee Ytian-Tseh 
in the 1980s.'° The first three were for physics and Lee Yuan Tseh was for chemistry. 

1+ A foretaste of this work may be found in Comparative Criticism, 13, pp- 17-30, “The Decline of the Classical 
Languages in East & West’, in Needham & Robinson (tggt). 


13 Since the death of Needham in 1995 there has been a further Chinese Nobel Prize winner in the person of 
Chu Ti-Wen &#&X in 1997, Physics, [Ed.] 
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T. D. Lee and C. N. Yang were from mainland China, while the other two came 
from Taiwan. Nor with such a history as was described in Volume 5, part 7, is it 
surprising that China has advancedso far and so fast in the field of rocketry andspace 
exploration, as indicated by the launching of the Silkworm rocket and the placing 
of satellites in space around the earth. Indeed I ventured to say in that volume that 
the rocket may have been the greatest single invention ever made by man, because, 
if the sun cools or over-heats, and we have to go somewhere else in the universe, the 
only vehicle capable of travelling in outer space is in fact the rocket. 

Nor has there been any loss of the momentum generated by centuries of Chinese 
scholarly experimenters seeking to improve the agriculture practised by their rural 
populations, and this has expressed itself particularly in the field of bio-chemistry. First 
came the total synthesis of a protein, insulin, in the 1960s, and then the synthesis ofa 
nucleic acid, t-RNA, in the 1980s. Again in medicine, which began to be studied so 
earlyin China, the country which gave the world so many useful drugs and medicines, 
such as ephedrine and ginseng, and ideas, including variolation, the precursor of 
vaccination, '® we find that Chuang Hsiao-Hui in the late 1930s made the interesting 
experiment of implanting pieces of adult organs into isolated ectodermal balls and 
finding that the types of induction produced by these implants were significantly 
different, for example, neural tubes, eye-cups, elongated notochords, nasal grooves, 
etc., and that the early research of Nieh Yen-Fu of Shantung(Shandong) University in 
developing nitrogen-fixing bacteria for cereals is being continued at the University 
of Sydney by A. M. Zeman, Chhan Yao-Tsheng (Tchan Yao-Tseng) and Ivan R. 
Kennedy. But the fusion point between modern-Western and Chinese-traditional 
medicine has not yet been reached. Today China is subjecting its traditional medicine 
to the rigours of modern scientific practice, not only for its own benefit but for other 
countries as well. One important point to be made is that though modern science was 
invented in Western Europe alone, due to aremarkable conjuncture of circumstances 
so well described by Immanuel Wallerstein (1992), yet once it had been invented, 
every country in the world was free to use it and has done so. But how successfully 
it could be used on a national scale has depended to a large extent on the quality of 
a nation’s infrastructure. The dismantling of over-ambitious projects, and disasters 
such as that of Chernobyl, show that science cannot be divorced from problems of 
society. Yet every nation can now contribute something to the international pooling 
of ideas which is essential to the healthy development of modern science. Every 
nation can add to the list of great names which have created that development. 

Let me now return to page 3 of Volume 1 of Science and Civilisation in China, which 
is the first page of the Preface as it was published in 1954: 


What exactly did the Chinese contribute, in the various historical periods, ancient and 
medieval, to the development of Science, Scientific Thought and Technology? The question 
can still be asked for later periods, though after the coming of the Jesuits to Peking in 


I6 See SCC, vol. 1, p. 135, and especially SCC, vol. 5, pt. 5, ‘The Enchymoma in the Test-Tube; Medieval 
Preparations of Urinary Steroids and Protein Hormones’, pp. 301 fT, 
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the early 17th century, Chinese science gradually fused into the universality of modern 
science. Why should the science of China have remained, broadly speaking, on a level 
continuously empirical, and restricted to theories of primitive or medieval type? How, if this 
was so, did the Chinese succeed in fore-stalling in many important matters the scientific 
and technical discoveries of the dramatis personae of the celebrated ‘Greck miracle’, in keeping 
pace with the Arabs (who had all the treasures of the ancient western world at their disposal), 
and in maintaining, between the grd and the 13th centuries, a level of scientific knowledge 
unapproached in the West? How could it have been that the weakness of China in theory and 
geometrical systematisation did not prevent the emergence ef technological discoveries and 
invenuons often far in advance (as we shall have little difficulty in showing) of contemporary 
Europe, especially up to the 15th century (sce Vol. 1, Tabie 8, p. 242)? What were the inhibiting 
factors in Chinese civilisation which prevented a rise of modern science in Asia analogous 
to that which took place in Europe from the 16th century onwards, and which proved one 
of the basic factors in the moulding of modern world order? What, on the other hand, were 
the factors in Chinese society which were more favourable to the application of science in 
carly times than Hellenistic or European medieval society? Lastly, how was it that Chinese 
backwardness in scientific theory co-existed with the growth of an organic philosophy of 
Nature, interpreted in many differing forms by different schools, but closely resembling 
that which modern science has been ferced to adopt after three centuries of mechanical 
materialism? 


These are some of the questions which the present work attempts to discuss. They 
have already been discussed, not only in our own pages, but frequently elsewhere. 
Although there are without doubt factors in any civilisation which inhibit certain 
developments, the idea of modern science being inhibited from its natural devel- 
opment which would otherwise have been inevitable, is not one which we would 
wish to defend today. The emphasis is now rather on why modern science should 
have arisen in Western Europe only, and not in Sri Lanka, India or Japan, all of 
which gave sets of factors differing from those of medieval China, and sometimes 
more closely resembling those of Western Europe.!’ In other words what was it 
that made Western Europe unique? This is precisely the question which Immanuel 
Wallerstein (1992) raised and answered, when he wrote of the rise of capitalism in 
Western Europe alone: 


In other words, all other known systems have ‘contained’ capitalist tendencies, in both senses 
of the word contain. They have had these tendencies; they have effectively constrained them. 
Ifso, the question then becomes what broke down in the historical system located in Western 
Europe such that the containment barricr was overwhelmed? This pushes us in the direction 
of exceptional circumstances, a rare coming together of processes, or what was referred to 
previously as a conjunctural explanation. 


He then goes on to discuss four elements cach formulated as a collapse — collapse 
of the seigniors, the States, the Church and the Mongol Empire — and to investigate 


V Li Chih-Tsao #2 # (d. 1630) presented a memorial in 1613 in which he listed fourteen discoveries of Western 
scicnce which had not been discussed in the writings of the ancient worthies. See Hummel! (1943), vol. 1, pp. 452-3. 
Unfortunately, we bawe no idea what they were, but it certainly shows that the Chinese were interested in the 
inventions and discoveries of other civilisations. 
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the effect of the cumulative collapses. Out of this collapse arose the bourgeoisie, and 
with the bourgeoisie arose modern capitalism hand in glove with modern science. 

In the Middle Ages, China was an Asian, ‘feudal-bureaucratic’ socicty, while 
Europe had military-aristocratic feudalism; much of what we are seeking must lie 
in this contrast. As we show in this volume, I think that a lot depended on the ‘rise 
of the bourgeoisie’, something that happened in no other civilisation in the world, 
neither India, nor South-East Asia, nor China. The new bourgeoisie was predis- 
posed to look with favour on experimentation and its results, for exact knowledge 
meant greater profit. In the West, military-aristocratic feudalism was replaced by 
the bourgeois merchants. In China, on the other hand, this did not happen. Bureau- 
crats continued to operate as before, being inimical to anything which would change 
the age-old pattern of life, and opposing that which was fundamentally new.'® Of 
course, we cannot explain the rise of modern science purely in terms of political revo- 
lutions. Other factors need to be considered, such as the invention of moveable-type 
printing. 

Let me abbreviate slightly what I say in ‘Science and Society in East and West’: 


The study of great civilisations in which modern scicnce and technology did not spontaneously 
develop obviously tends to raise the causal problem of how modern science did come into 
being at the European end of the Old Werld, and it does so in acute form. Indeed, the more 
brilliant the achievements of the ancient and medieval Asian civilisations turn out to have 
been, the more discomforting the problem becomes. During the past fifty years historians of 
science in western countries have tended to reject the sociological theories of the origin of 
modern science which had a considerable innings earlier in this century . . . 

However, the study of other civilisations places traditional historical thought in serious 
intellectual difficulty. For the most obvious and necessary kind of explanation which it de- 
mands is one which would demonstrate the fundamental difference in social and economic 
structure and mutability between Europe on the one hand and the great Asian civilisations 
on the other, differences which would account not only for the development of modern 
science in Europe alone, but also of capitalism in Europe alone, together with its typical 
accompaniments of Protestantism, nationalism, etc. not paralleled in any other part of the 
globe. ‘They must in no way neglect the importance of a multitude of factors in the realm 
of ideas — language and logic, religion and philosophy. theology, music, humanitarianism, 
attitudes to time and change — but they will be most deeply concerned with the analysis of 
the socicty in question, its patterns, its urges, its needs, its transformations . . . 

If you reject the validity or even the relevance of sociological accounts of the ‘scientific 
revolution’ of the late Renaissance, which brought modern science into being, if you renounce 
them as too revolutionary for that revolution, and ifat the same time you wish to explain why 
Europeans were able to do what Chinese and Indians were not, then yeu are driven back 
upon an inescapable dilemma. One of its horns is called pure chance, the other is racialism 
however disguised. 


Neither of these alternatives is acceptable today. Chance declares the bankruptcy 


of history. Racialism would urge the possession by one particular group of peoples 


IR This chimes in well with the attitudes of Confucius te innovators. See Raphals (1992), pp. 53 IT. {or a comparison 
of Mohist and Confucian attitudes to innovation. 
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of some intrinsic superiority to all other groups of peoples. Today this carries no 
conviction. I confidently anticipate, therefore, a great revival of interest in the re- 
lations of science and society during crucial European centuries, as well as a study 
ever more intense of the social structures of all the civilisations, and the delineation 
of how they differed in glory, one from another. 

In sum, I believe that the analysable differences in social and economic patterns 
between China and Western Europe will in the end illuminate, as far as anything 
can ever throw light on it, both the earlier predominance of Chinese science and 
technology and also the later rise of modern science in Europe alone. Let us now, 
therefore, consider how it was that China got so far towards modern science and with 
what handicaps. 

Let us first list some of the handicaps to the development of modern science 
which are found in the early and medieval civilisation of China. Of the greatest 
importance of all, perhaps, is the fact that the Chinese did not develop as far as the 
Greeks the idea of geometrical proof.!? One reason why they emphasised algebraic 
mathematics and did not develop geometry may well have been that in China a circle 
was subdivided not into 360° as with the ancient Babylonians and through them 
Western Asia and Europe, but as with the number of days in the year, into 365.25", 
a most inconvenient number. Chinese civilisation developed without trigonometry. 
And yet, at the technological level they managed very well by measuring the sides of 
triangles rather than angles.” 

It is believed that geometric demonstration and formal proof grew up in Greece 
because of the public nature of Greek city life?! which was continued in the later 
city-states of Italy and elsewhere. ‘his also was lacking in China where affairs were 
managed not by democratic assemblies but by the bureaucracy. 

The development of modern science was undoubtedly assisted by the interest of 
the bourgeoisie in precise measurementand other commercial skills. The bourgeoisie 
itself was assisted into political existence by the long tradition of self-governing city- 
states. Neither of these political organisations were known in China. 

Let me say again: ‘All historians, no matter what their theoretical inclinations 
and prejudices, are necessarily constrained to admit that the rise of modern science 
occurred part passu with the Renaissance, the Reformation and the rise of capitalism’. 

Out of an unlikely military-aristocratic European milieu modern natural science 
could and did arise. When the merchants began to come out of their city-states in 

19 Sce the three-volume work of Crombie (1994) for an account of how Greek thinking on causality and proof, 
transmitted to European countries, led to the Scientific Revolution. The absence of this in China did not stop 
inventions and discoverics ef every kind as will be shown below: Fang (1994) is of the opinion that it was China’s lack 
of gcomeuy which was the main reason for its lack of development of modern science. He shows how democratic 


discussion went on in the city-states of Greecc, leading to the acceptance of geometrical proofs (see Fang (1994), pp. 
56- 61). Tyrants were not willing to discuss such things. It is impossible to imagine Chhin Shih Huang li #24 
taking part in a discussion on natural phenomena in an age when the Greeks in the market place were shouting, 
‘Hc has proved it! He has proved it! — after Thales had shown the equality of the angles at the hase of an isosceles 
triangle using geometrical proof. For a perspicacious account of Greck proof, sce Lloyd (1991), p. 292. 

2 Perhaps the Chinese developed as far as they did because they were so numerate. See Crump (1990), p- 40. 
for a table of stems and branches. 


4) See Fang (19944) for an overview of Greek mathematics and the social setting of the city-states in Greece. 
2 See | 994a) f { Greek matl t dt l sett Ithe city-stat G 
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the 16th century? first mercantile and then industrial capitalism arose, and medern 
natural science with it, in the time of Galileo and Torricelli? This was the ‘rise of 
the bourgeoisie’, and though other factors were involved, such as the Protestant Ref- 
ormation, it was this above all which happened in Western Europe, and in Western 
Europe alone. The point of view which has been adopted throughout these volumes 
is that modern science was that form of science at which the ancient and medieval 
sciences of all the countries of the world were aiming, but Europe alone was able 
to get there. Here the background of Greek logic and mathesis universalis was also 
important. 

A good deal of work remains to be done on the exact nature of the tie-up between 
modern science and nascent capitalism. I have always pictured it as beginning with 
the exact specification of materials. If a merchant purchased a large quantity of 
oil from a Greek island he would need to know not only what its normal use was, 
but what it could also conceivably be used for; he would want to know its surface 
tension, its specific gravity, its refractive index, indeed all its properties, before he 
could decide who to sell it to. This would have been in the time of mercantile 
capitalism; in industrial capitalism there is less difficulty in imagining how intimately 
connected with it were science and technology. The accurate description of materials 
would have generated accuracy everywhere else, even in subjects like astronomy 
where there was no possibility of experimentation. And with exactness came the 
possibility of mathematisation. Modern science has been defined elsewhere”? as the 
mathematisation of hypotheses about Nature, and the testing of them rigorously by 
persistent experimentation. Experiment was something rather new; the Greeks had 
done relatively little of it, and although the Chinese had been well acquainted with it, 
their purposes were primarily practical. Only the European Renaissance found out 
how to test mathematised hypotheses about Nature by relentless experimentation, 
and so to ‘discover the best method of discovery’. 

Of course military-aristocratic feudalism existed in other parts of the world besides 
Europe. I remember thinking when in Japan in 1986 how strange it was that modern 
science had not originated there as well. But then I reflectedthat the Japanese had not 
the tradition of the Greek city-state, which was so important for Europe. Athens gave 
rise, when the Renaissance came, to Venice and Genoa, to Pisa and Florence, and 
these in their turn to Rotterdam and Amsterdam, the cities of the Hanseatic League 
and finally London. In these cities, protected by their Lord Mayor or Burgomaster 
and their Aldermen, the merchants could shelter from interference by the feudal 
nobility of the surrounding countryside, until the day when they should come forth, 
and, after lending money to kings, princes and nobles, run the whole show. 


?? Goodman & Russell (1991), in the conclusion to their book, show how the Europeans developed modern 
science and explain the role of the city-states and merchants in the rise of modern science. See pp. 415-23. This 
book gives us the idea that Chinese science stimulated Western science when the me was ripe. 

233 The role of the old Chinese discovery of gunpowder in the dissolution of the city-states, and the role of the 
larger states in the sponsorship of the new science are both admirably explained by Dorn (1991), pp. 131-5. Fora 
discussion of Hankow in recent centurics and its trade unions, see Rowe (1984), (1985) and (1989). 

24 See ‘Science and Society in East and West’, p. 1.1. 2. 
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As we said in our Foreword, page xlvii, it is worth while taking a look at the idea 
of the town or city in China compared with Europe. In China the town was simply a 
node in the administrative network,” held for the emperor by the civil governor, and 
(several bureaucratic ranks lower down) the military commander. It was the centre 
of the network of outlying villages, the people of which came in to market in the city. 
Compare with this an early 17th-century European painting, a group portrait of the 
‘Militia Company of Captain Frans Banning Cocq’, known as “Che Night Watch’, 
immensely proud of the city they were pledged to defend. Cities in Europe were 
really states within states, ready in the course of time to provide governments as 
alternatives (however much it might be glossed over in practice) to the medieval 
feudal-style governments which had preceded ther. 

Chinamay have been the prime example of ‘bureaucratic feudalism’ but virtually 
all the other non-European parts of the world such as India, the South-East Asian 
countries and the whole Arab world may be said to have participated in it to some 
extent.2° 

In a word, if Chinese science, technology and medicine is to be understood, it must 
be related to the characteristics of Chinese civilisation. This is the point of Volume 7. 
Elsewhere we have explained how the bureaucratic ethos began by powerfully aiding 
Chinese science,?’ while only in the later stages did it inhibit any move towards 
modern science." The examples of inventions we have shown illustrate how this 
came about. Such, at any rate, is our interpretation of the comparative developments 
in China and Europe,” 

Yet in spite of these handicaps to the growth of science in China, scientific ideas 
comparable to those of medieval and Renaissance Europe nevertheless developed 
and technology flourished. Just how flourishing was technology in China and how 
wide ranging over the whole field of science was the Chinese genius for invention, may 
be seen from the following pages in which Chinese inventions, ideas and discoveries 
are listed in chronological order, This is a tentative list arrived at by an intense 
culling of our published volumes with some additions from our as yet unpublished 


23 This point is developed in morc detail above, ‘Science and Society in East and West’, p. 8. 

2 See Witfogel (1957) for details on how ‘Oriental Despotism’ was a phrase thought up by Kail Marx to 
designate those countries of East Asia which did not depend on tainfall Jor agriculture, hut on hydraulic canals 
cleverly situated, i.c. the Asiatic Mode of Production. Wittfogel brought eut well the connection between this and the 
bureaucratic government in China, Assyria, Babylonia and the like. He replies to his critics such as Teynbce (1958 
in Wittfogel (1958). 

27 It must not be thought that the burcaucracy continucd in power right until the end of the Chhing (1911). 
Rankin (1986) has shown that the commercialisation of the scholar-gentry had enormous consequences. Tor our 
purpose then, bureaucracy remained unchanged in the Ming and early Chhing state, but this was enough to spoil 
the origins of modern science in China. See Rankin (1986). Skinner (1977) points ewt the great importance of the 
city guilds’ uative-place associations which kept close touch with the bureaucracy and the city’s élite in the places 
where they settled. These were important in the running ofthe city, seuing up fire-brigades, hospitals and the like. 

28 See ‘Science and Socicty in East and West, pp. 14, 17-18. 

29 Dorn (1998), pp. 157 {¥., has a very interesting chapter which shows how close the Mormon community in 
the Salt Lake valley desert came to the Asiatic Mode of Production. They appointed their bishops as watermasters 
and formed a community whose job it was to open the sluice gatcs at need. The bureaucratic foundations of 
this and the setting up ofa provisional government in 184g. with a society based on hydraulic agriculture, became 
more and more like the Asiatic Mode of Production. 
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volumes. We expect that the list will lengthen as we receive word from our friends 
and collaborators all over the world who have been invited and indeed have already 
begun to submit information on items about which they have special knowledge, 
and also, of course, to correct any errors in our present list. 

In 1954 we were able to list no more than thirty-five mechanical and other tech- 
niques which had made their way from China to the West. (See Table I1.) The 
number now becomes much greater if we include the many inventions of which we 
have become aware since 1954, some of which never left China, or which, like Su 
Sung’s 4 48 giant astronomical clock,*? developed no further and were forgotten. 
The number is also greater if we include not only mechanical and other techniques, 
but also ideas and theoretical practices. 

It has sometimes been said that Needham ‘tries to find a Chinese origin for 
everything’. This is not true. We havealways tried to cast a balance shect of giving and 
receiving. For example, on p. 240 of Volume 1, the subsection entitled “lhe Westward 
Flow of Techniques’ begins nevertheless by listing the techniques diffused in all 
directions from ancient Mesopotamia, Kgypt and the Mediterrancan Europeans. 
‘Then the Chinese techniques listed in Volume 1, Table 8 are given, and these are 
followed in Table 9 by mechanical techniques transmitted from the West to China, 
admittedly believed to be only four in number when Volume 1 was printed, up to the 
arrival of the Jesuits, after which there was a profusion of Western devclopments.*! 
Nor have we failed to point out occasions when China could with advantage have 
accepted what the West had to offer, but did not do so either from lack of interest, or 
because it was too un-Chinese to be assimilable.*? For example, the Jesuits were well 
able to raise the standard of glass-making in China by translating one of the books 


30 1 can imagine one man saying to another, ‘In the East people have invented a wheel that goes round in 
company with the stars, man’s primary clock’. So the Europeans made their own escapement, the verge and foliot, 
instead of the waterwhcel linkwork cseapement. But it was characterised by a falling weight, sand running out of 
a holder, while the waterwheel was the origin of the escapement in China. 

3° Victor Mair, Professor of Chinese at the University of Pennsylvania, and Wang Ping-Hua, a Chinese archae- 
ologist. have drawn attention to early European influences in China. They began searching in the north-east corner 
of Sinkiang province (Chinese Turkestan), between the Tianshan and the Taklimakan Desert on the edge of the 
Gobi Desert, for evidence of a Caucasian community dwelling there around —2000, Wang Ping-Hua excavated 
u3 bodies that were in such good condition that it was possible co see that they were North Europeans. In all, 
there were three burial sites. The technology ofthe cartwheels discovered, as well as the weave aud pattern of the 
textiles, closcly resemble that of people existing in the Ulevanian and Russian steppes about —20e0. See Lowther 
(1994) for details. It is possible that they spoke a language related to Tocharian, the eastern-tost branch of the 
European language family. Tocharian is now spoken in some parts of Germany and Scandinavia, the suggested 
place of origin of the people found in China. 

Iv is not clear what the technology ofthe Caucasian people’s wheels amounted to exactly. It cannot be dishing 
because: that requires nvo wheels. We should like to know the origin of the Bronze Age in China. lron was replacing 
bronze in about the —7th century: The ugly metal (iron) was replacing the lovely metal (bronze), though for a long 
while the wo were used in conjunction. High un bronzes for mirrors had already replaced iron by the end of the 
=a1rth century. It is possible that they brought it to the notice of the Chinese. 

32 In this connection, it is very interesting that the Chhien-Lung #8 Emperor should have written to George 
Ill after he had been sent uumcrous elaborate astronomical apparatus and the like, that ‘we have never valued 
ingenious articles, nor do we have the slightest need of your country’s manufactures’. See Cranmer-Byng (1958), 
p- 137, for details. Alvares (1980) has shown that Chinese silk fibres were hundreds of metres long and that the 
Chinese never lost the art of making silk garments from them. Nor on the other hand did the Indians lose the art 
of weaving cotton of very short fibre length which needed ginning. The gin rollers running in contrary directions 
were connected by worm gearing, the oldest such examples in the world. 
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Table UI. Transmission of mechanical and other techniques from China to the West 









Approximate 


lag in 
centuries 





















Square-pallet chain-pump 

Edge-runner mill 

Edge-runner mill with application of water-power 
Metallurgical blowing-engines, water-power 
Rotary fan and rotary winnowing machine 
Piston-bellows 

Draw-loom 


Silk-handling machinery (a form of flyer for laying thread evenly 


on reels appears in the +11th century, and water-power is 
applied to spinning mills in the +14th) 
Wheelbarrew 
Sailing-carriage 
Wagon-mill 
Efficient harness for draught-animals: Breast-strap (position) 
Collar 
Crossbow (as an individual arm) 
Kite 
Helicopter top (spun by cord) 
Zeotrope (moved by ascending hot-air current) 
Deep drilling 
Cast iron 
‘Cardan’ suspension 
Segmental arch bridge 
Iron-chain suspension-bridge 
Canal lock-gates 
Nautical construction principles 
Stern-post rudder 
Gunpowder 
Gunpowder used as a war technique 
Magnetic compass (lodestone spoon) 
Magnetic compass with needle 
Magnetic compass used for navigation 
Paper 
Printing (block) 
Printing (moveable type) 
Printing (metal moveable type) 
,orcelain 







































5 
13 
9 


li 
14 

















50 GENERAL CONCLUSIONS AND REFLECTIONS 215 


they had brought with them, entitled L ‘Arle Vetrarva distinta in libri sette by Antonio Neri 
(1612). But for this there was no demand. 

I have worked through all the published volumes of Science and Civilisation in China 
and through some of the volumes which at the time of writing are still in typescript, 
and find that my list has expanded from some thirty-five items to more than 250. 
The mere fact of sceing them listed brings home to one the astonishing inventive- 
ness of the Chinese people. They are printed here in alphabetical order for ease of 
reference. We hope to list them in a subsequent publication in chronological order, 
with further data. 

his may well provoke further reflection. Our list begins from approximately the 
year —1500 by which time writing was well established in the Chinese culture area 
and continues down to the year +1700 by which time the Chinese medieval sciences 
were beginning to fuse with the new natural science which had originated in Western 
Europe. 

Perhaps we should first list the outstanding inventions which had been shaping 
the destiny of the human race for the previous 30,000 years.*! We must stress that 
definitions have changed, for example, the word ‘Neolithic’: less emphasis is now 
placed on technology and more on the econemic aspect, as in ‘self-sufficiency’ or 
‘control of the environment’. ‘Domestication’ is now seen as a spectrum of phases 
from hunting, at one extreme, selective hunting, thinning, to increasing control of 
all phases of the animal’s life — breeding being at the other extreme. By —30,000 
mankind used fire, inhabited caves or had open-air shelters consisting of skin tents, 
and wore tailored clothing, for which eyed bone needles were used in the making 
of clothing and nets. The beginning of cave art dates from that time and has been 
found from France/Spain eastward to the Urals. In its production, lamps, ladders and 
scaffolding were used. From an even earlier date in Swaziland, South-East Africa, 
the human body was painted with red ochre (Fe»O3) mined for the purpose. Polished 
stone tools, possibly indicating the making of canoes, have been found in Borneo 
dating from this time. Weapons included lances and darts. 

Communal houses made from the rib-bones of manimoths have been found from 
the period —29,000 to — 21,000. Other inventions may be listed as follows: 


—24,000 

Carving of portable female figurines (e.g., the “Venus of Willendorf’), suggesting 
the existence of religious cults. 

—20,000 

Paint platters, especially for black, red, white and browns but no green. 


33 From the beginning of my time surveying the vast subject, 1 have been interested in showing the Chinese 
inventions and discoveries that have been accepted in the West. See Dawson (1964), p- 234; Needham (1964), also 
reprinted in Needham (1969). pp. 55 ff. 

3+ In the preparation of this preliminary list, 1 am grateful to Professor William C. Noble and to Dr Christopher 
Hallpike of McMaster University, Canada for their help and advice. 
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— 18,000 

Early use of harpoons and stylistically engraved antlers (Solutrean and carly Mag- 
dalenian cultures). 

—16,000 

Development oflog timber houses in Russia/Poland. 

—14,000 


A flowering of the use of burins and microblades (indicating a switch to the use of 


light-weight tools). 

13,000 

Querns for grinding wild grains. 

Circular houses with stone foundations (c.g., Aren Gen, Israel). 

Use of sickle blades for reaping wild grasses. 

—12,000 to —10,000 

Initial taming/penning of gazelles (Near East) andred deer (South-East Europe), 
constituting the firststages in the process of the domestication of animals. Wheat 
(first of the cereal grains used by Man) domesticated ce. — 10,000. 

— 9,000 

Use of clay for bricks (Natufian houses). 

Early fred pottery, Jomon culture (Japan). 

Rectangular houses with plastered floors. 

Sheep domesticated in the Near East. 

—8&,000 

Long-distance trade (Lake Van for obsidian) appears in Near East. 

Evidences of irrigation (Jericho). 

Use of ovens for baking. 

—7,000 

Copper working in North-East Turkey (Cay6nit) 

Megalithic architecture in town walls (e.g., Jericho). 

Neolithic farming communities in Yang-shao culture area, North China. 

Spindle whorls used for spinning thread in textile production. 

Paddles for water craft (England, at Star Carr). 

Bows and arrows in usc. 

—6,000 

Cattle domesticated in Northern Greece. 

Religious bull cults develop in ‘Turkey (e.g., Catal Huyuk). 

First true frescoes (paint on dry wall). 

—5,000 

Earliest writing (logography) in Northern Mesopotamia. 

Development of true arch with keystone (Halaf) and stone vaults. 

Rice-growing well established. 

Loomis in use. 

—4.000 

Formal writing (cuneiform appears —3,200). 
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— 3.000 

Large urban centres appear in Mesopotamia —2,900, India —2,700. 
Dynasties established: Sumer; Egypt. 

Egypuan hieroglyphic writing —3,000 to —2,900. 

Use of facial cosmetics in Egypt (e.g., Narmer’s palette). 
First pyramids — 2,650. 

—2,500 

Invention of the wheel for chariots — initially solid circle. 
First use of papyrus for writing material — Egypt. 

Cotton becomes a prime trade commodity from India 
(Indus Valley civilisation). 

First bronze casting, India —2,500. 

Silk worms domesticated in China. 

— 1,500 

Hittites discover iron-smelting and working. 


‘The approximate dates given above arc likely to be pushed back in time as ar- 
chacology proceeds. But what is striking is the immense tract of time which separates 
related developments. For example, more than 20,000 years passed between the in- 
vention of the needle for sewing and the spindle-wheel for making thread, a period 
longer than the whole history and neolithic pre-history of China together! But the 
inventive process has been speeding up continuously as our list of Chinese inventions 
will show. Use has been made of many sources in addition to those derived from our 
own researches, to be listed when the work is completed. 

Such is the background culture from which specifically Chinese civilisation de- 
veloped. Eleven specific characteristics of Chinese neolithic culture summarised by 
Chang Kwang-Chih were given above on p. 201. Invention is an ongoing proccss 
about whose history we are learning more and more. Here is my current list in al- 
phabetical order for ease of reference, with approximate dates of earliest occurrence. 
It is proposed that a more detailed list with detailed references may be published 
separately at a later date. 


(2) CHINESE INVENTIONS AND DISCOVERIES 


Invention / discovery Date in hist 
Abacus +190 
Acupuncture —380 
Advisory vessels =od e: 
Air-conditioning fan +180 
Alcohol made from grain by 

special fermentation process —15th e. 
Algorithm for extraction of square and cube roots Hst c. 
Anatomy Hue 


Anchor, non-fouling *stockless’ +ist c. 
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Ancmometer tordc. 
Ant-malarial drugs —3rdc. 
Arcuballista, muluiple-bolt —320 
muluple-spring +5the. 
Asbestes woven into cloth —3rd č. 
Astronomical clock-drive +120 
Axial rudder t+istc. 
Ball bearings —endc. 
Balloon principle —ende. 
Bean curd +100 
Bell, pottery —3rd mill. 
Bellows, double-acting piston-tuned bronze 
(sce Piston-bellows) —6th c. 
Belt drive —5th e. 
Beri-beri, recognition of +1330 
Blast furnace —3rd c. 
Blood, distinction between arterial and venous —2ndc. 
theory of the circulation of —ende. 
Boats and ships, paddle-wheel +418 
Bomb, cast-iron +1221 
Bomb, thrown from a trebuchet +1161 
Book, printed, first to be dated +868 
Book, scientific printed +847 
Bookcase, vertical axis +544 
Bookworm repellent. See Fumigation 
Bowl, bronze water-spouting —3rdic. 
Bread, steamed. See Noodles 
Bridges, releasable —4th c. 
iron chain suspension +6th c. 
Li Chhun’s segmental arch +610 
Bronze, high tin, for mirror production. See Mirror 
Bronze rainbow teng $% (camphor still) —Ist c. 
Callipers +9 
Camera Obscura, explanation of +1086 
‘Cardan’ suspension —140 
Cast iron —5th c. 
malleable —4the, 
bombs. See Bomb, cast-iron 
Cereals, preservation of stored Ist¢, 
Chain-drive +976 
Chess —ą4th c. 
Chimes, stone —9th c. 
Chhin Z% and se 3% zithers. See Stringed instruments 
Chopsticks —600 
Clocks, sand +1370 
Su Sung’s +1088 


Clockwork escapement of l-Hsing and Liang Ling-Tsan +725 
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Coal, as a fuel 
dust, briquettes from 
Coinage 
Collapsible umbrella and other items 
Comet tails, observation of the direction of 
Compass, floating fish 
magnetic needle 
magnetic, used for navigation 
Cooking-pots, heat economy in 
Crank handle 
Crop rotation 
Crossbow 
bronze triggers 
griclsight for 
magazine 
Dating of trees by the number of rings 
Decimal place value 
Deep drilling and use of natural gas as fuel 
Diabetes, its association to sweet and fatty foods 
Dial and pointer 
Differential pressure. See Ventilation 
Disease, diurnal rhythms in 
Diseases, deficiency 
Dishing of carriage wheels. See Wheel 
Distillation, of mercury 
Dominoes 
Down draft (see also Reverberatory furnace) 
Dragon kiln 
Draw loom 
Drum carriage (see also Hodometer) 
Dyked/Polclered fields 
Ephedrine 
Equal temperament, mathematical formulation of 
Equilibrium, theory of 
Erosion and sedimentary deposition, knowledge of 
Esculentist Movement (edible plants for time of faminc) 
Ever-normal granary system 
Fertilisers 
Firecrackers 
Firelance 
First Chinese Natural Science Congress. 
See Natural Science Congress 
First dated printed book 
First scientific printed book 
Flame test. See Potassium 
Flamc-thrower (double-acting force pump for liquids) 
Folding chairs 


+istc. 
+istc. 
=oth c: 
—5th c. 
+635 
+1027 
+1088 
+3111 
—3rd mill. 
“KEG 
6th c. 
—5the. 
—300 
MISEC: 
+i3th c. 
+rathc. 
—13th c. 
—endce. 
—ist c. 
+3rdc. 


—ənd c. 
+3rd c. 


—3rd c. 
+1120 
—Ist¢. 
+2nd c. 
+ıistc. 
—110 
SSIS 
+2nd c. 
+1584 
—ą4th c. 
+1070 
+1406 
+g 
—2nd c. 
+290 
+950 


+868 
+847 


TORG 
+3rd c: 
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Free reed 
Fumigation 
Furnace, reverberatory 
Gahions 
Gauges, rain and snow 
Gear wheels, chevron-toothed 
Ginning machine, hand-cranked and treadle 
Gluten from wheat 
Gold, purple-sheen 
Grafting 
Gravimetry 
Great Wall of China 
Grid technique, quantitative, used in cartography 
Gunpowder, formula for 
firecrackers and fireworks 
government’s gunpowder department and monopoly on 
used in mining 
Hand-carts 
Hand-gun 
Harness, breast-strap 
Harness, collar 
Helicopter top 
High temperatures, firing of clay at 
Hodometer (see also Drum carriage) 
Holing-irons 
‘Hot streak’ test 
Hygrometers 
Incleterminate analysis 
Interconversion of rotary and longitudinal motion 
standard parts for the 
Kite 
Knife, rotary disc, for cutting jade 
Auan hsien system 
Lacquer 
Ladders, extendable 
Leeboards and centreboards 
Lodestone, south-pointing ladle 
Magic mirrors 
Magic squares 
Magnetic declination noted 
Magnetic thermo-remanance and induction 
Magnetic variation observed 
Magnetism, used in medicine 
Malt sugar, 7, production of 
Mangone! (see also Trebuchet, simple) 
Maps, relief 
topographical, unearthed from Mawangtui 
Masts, multiple 
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—1000 
—7the. 
“ite 
—3rd c. 
+1247 
+50 
+17th c. 
+530 
—200 
+806 
+712 
—3rdc. 
+130 
tgth c. 
trethe. 
t+r4th c. 
Ming 
—681 
+1128 
—250 
+477 
+320 
—2nd mill. 
—110 
+584 
+1596 
—120 
+4thc. 
Toi 
+1313 
—4th c. 
t+rath c. 
—240 
—13thc. 
—4qthe. 
+751 
+83 
+5the. 
+190 
+1040 
+1044 
+1430 
+970 
—ıst mill. 
—4the. 
+1086 
—3rdc. 
+3rdc. 
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‘Matches’ (non-striking) 
Melodic composition 
Mercury, distillation ol. See Distillation 
Metal amalgams used to [ill cavities 
Metals, to oxides, burning of 

densities of 
Mill, wagon 
Mills, edge-runner 

edge-runner with water-power applied 
Mining, square sets for 

differential pressure mine ventilation 
Mirror with ‘light penetration’ surface 
Mirror, magic. See Magic mirrors 
Mouldboard 
Mountings, vertical and horizontal 
Mouth-organs 
Moxibustion 
Multiple-spindle silk-twisting frame 
Natural Science Congress 
Negative numbers, operations using 
Noodles (filamentous), including bread 
Nova, recorded observation of 
Numerical equations of higher order, solution of 
Qil-lamps, economic 
Paktong, £1f] (cupro-nickel) 
Pandects of Natural History (Pen Tshao A # literature) 
Paper, invention of 

money 

toilet 

wall 

wrapping 
Parachute principle 
‘Pascal’ triangle of binomial co-efficients 
Pasteurisation of wine 
Pearl fishing conservancy 
Pearls in oysters, artificial induction of 
‘P? (7), accurate estimation of 
Piece moulding for casting bronze 
Piston-bellows, double-acting 
Place-value 
Placenta used as source of oestrogen 
Planispheres 
Plant protection, biological 
Planting in rows 
Playing cards 
Polar-equatorial co-ordinates 

mounung of astronomical sighting instruments 
Porcelain 


NJ 


+57 
+47 


ol 


+059 
—5thc. 
+3rd c. 
+340 
—200 
+4thc. 
~—5thc. 
—5th G 
=the. 


—endc. 
Hiskia: 
—gthe. 
—3rdc. 
+1813 
+5th c. 
++ istic. 
+100 
=13th-c. 
+13the. 
+othc. 
+230 
—5th c. 
—300 
t+oth c. 
+589 
+16th c. 
—2ndc. 
+8thc. 
+1100 
au) (7 
+2nd c. 
+1086 
+3rdc. 
—a2nd mill. 
—4the. 
—13th c. 
+725 
+940 
+304 
=3rd c. 
+969 
—Ist c. 


+1270 
+3rd c. 
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Potassium, flame test used in identifying +3rd c. 
Pound-lock canal-gates +984 
Preservation of corpses, achieved by Taoists —166 
Printing, bronze type +1403 
with earthenware moveable type on paper tithe. 
multi-colour +i2th c. 
with woodblocks +7 thc. 
Propeller oar, sclf-feathering +100 
Prospecung, bie-geochemical +6th c. 
geological —4the. 
Rainbow ¢eng (camphor still). See also Bronze 
rainbow teng SIS tie" 
Recording of sun halves, parhelic spectres and 
Lowitz arcs +635 
Reel on fishing rod +3rd/+4th c: 
Refraction —4qthe. 
Refractive clay. See High temperatures, firing of clay 
Reverberatory furnace. (see also Furnace) —ist c. 
Rocket arrow, invention of +13thc. 
launchers +1367 
winged t+r4the. 
Rockets, two-staged +1360 
Roller bearings. See Ball bearings —2nd c. 
Roller-harrows +880 
Rotary ballista +240 
Rotary fan. See Winnowing-machine Ist ¢. 
Sailing carriage +16th c. 
Sails, mat-and-batten +1st c. 
Salvage, underwater +1064-7 
Seawalls +80 
Seed, pre-treatment of —Ist¢. 
Seed drill, multiple-tube +155 
‘Seedling horse’ tithe. 
Seismograph +132 
Ships, construction principles of =Ist'e. 
paddle-wheel. See Boats and ships 
watertight cempartments in +5the. 
Silk, earliest spinning of —2850 to 
—2650 (Liang 
Chu culture) 
Silk reeling machine +1090 
Silk twisting frame, multiple spindle +ioth c. 
Silk twisting frame, multiple spindle, water-powered +1Z13 
Silk warp doubling and throwing frame t+ioth c. 
Sluices —3rd c. 
riffles added to tiith c. 
Smallpox, inoculation against +ıoth c. 


Smoke-screens +178 
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Snow crystals, six-sided symmetry of 
Soil science (oecology) 
South-pointing carriage 
Soybean, fermented (shih 3%), paste (chiang HE 
and sauce (shih yu 3% 329) 
Sprouts, for medicinal and nutritional purposes 
Spindle wheel 
multiple-spindle 
treadle-operated 
Spooling frame 
Square pallet chain-pump 
Stalactites and stalagmites, records ol 
Star map. See planispheres 
Stars, proper motion of 
Steamers, made of pottery 
Steel production, co-fusion method of 
Sterilisation by steaming 
Steroids, urinary 
Sull, Chinese-type (see also Alcohol, distilled) 
Surrup 
Stringed instruments, chin and se zithers qv. 
Su Sung’s clock. See Clocks 
Sugar. See Malt sugar 
Tea, as a drink 
Teng. Sce Bronze rainbow teng 
Thien Yuan algebraic notation 
Thyroid treatment 
Tilt-hammer, water-powered spoon 
Toothbrush 
Trebuchet, simple (see also Mangonel) 
Trip-hammers 
water-powered 
Umbrella, collapsible 
Ventilation, using differential pressure 
Vinegar 
Wallpaper. See Paper 
‘Water-bound macadam’ 
Water-powered multiple spindle frames 
Water-wheel, horizontal 
Watermills, geared 
Weather vane 
Wet copper method (precipitation of copper from iron) 
Wheat gluten. See Gluten 
Wheel, dishing of 
Wheelbarrow, centrally mounted 
with sails 
Windlass, well 
Windows, revolving 


THO 
—5thc. 
+120 


—end c. 


—end c. 
—sthe. 
TERE: 
FISLG. 
+1313 
+186 

= 4thie. 
+940 
+725 
—5th mill. 
+6th c. 
+980 
+1025 
+7the. 
+300 
—9gth c. 


—endc. 


+1248 

—Istc, 

+1145 

tothe. 

— the. 
—ende. 

+20 

—5th c. 
Warring States 
—ende. 


—178 
+1313 
Broil 
Torde 
—120 
Hirie. 


—4the. 
~30 
+6th c. 
—120 
—5the. 
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Winnowing-machine, rotary-fan Sista 
Wiethung $ $f (black patinated copper) +15th c. 
Zoetrope +186 


(3) MODERN SCIENCE: WHY FROM EUROPE? 


As can be seen from the above list, ‘China has the longest unbroken history of 
progress in science and technology (over 4,000 years) of any nation in the world’.® 

‘The inventions listed above at present number over 250. This list is provisional. 
The word invention itself is ambiguous. ‘Te what extent does an existing idea need 
to be altered to constitute a new invention? On the other hand it may be shown 
that some of the inventions listed were not truly Chinese in origin and will have to 
be withdrawn. But others will certainly need to be added to the list. Many of the 
planned total of volumes in Saence and Cuvlisation in China are yet to be published and 
when published will certainly add their quota. When it is published there may well, 
for example, be inventions from the volume on ceramics to be added to those listed 
here, for this was an art in which the Chinese excelled.* 

It may also be worth mentioning that the Chinese had no idea of patenting 
anything,” a process which was important in the West where life was competitive.** 
The textile inventions would have been particularly suited to this system. It was not 
until 1449 that the first ‘Ietters patent’ were granted by the City of London. 

While using this list, we should also bear in mind that the date ofan invention is 
often that of the first literary reference, or is given according to the carliest archae- 
ological remains; it is rarely the date of the actual invention. Some may have been 
around for centurics before the dating on the list; and in some cases mistaken literary 
references may have misled us into giving too early a date for an entry. 

Nevertheless our list is already sufficiently workable to provoke us into asking a 
number of questions. For example, we have a total of approximately 250 inven- 
tions over the last seventeen centuries; this means an average of nearly fifteen new 


33 Finniston etal. (1992), p. 72. 

In contrast to invention, we take discovery to mean the extension ofthe knowledge of natural phenomena 
Thus, paper, printing and gunpowder (the first chemical explosive known to man) would be considered inventions. 
whereas the magnetic compass and all that Howed from it would be a discovery. In this way, the entries in the above 
list can be clivided. 

*” Tt would have been a good thing if the Chinese had patented gunpowder, paper and printing and so on, so 
that the inventors’ names would have been better known in the West than they are today. Another example is the 
silk twisting and doubling machines which could twist silk thread 700-900 m long (SCC, vol. 5, pt. 9. p- 346) as op- 
posed to the cotton girming machines which could only twist threads of a halfmetre in length. 

H8 Basalla’s (1988) The Evelution of Technology, pp. 118-24, gives an intcresting account of the patent system in 
Western countrics, especially the countries which did not have it (e.g, The Netherlands and Switzerland). Isambard 
Kingdom Bruncl, designer of the Great Western Railway and the Great Mastern Steamship, opposed the patent 
system, saying that it stifled innovation, To the Sclect Committee of the House of Lords on the Patent Laws in 
1851. he wrote: ‘I believe that the most useful amd novel inventions and improvements of the present day are mere 
progressive steps in a highly wrought and highly advanced system suggested by, and dependent on. other previous 
steps. their whole value and the means of thcir application probably dependent on the success of some or many 
other inventions, some old, seme new’. Sce Petroski (1993), pp- 44-5. Many of the Chinese inventions can be 
considered in this light. for example, the helicopter top which was the first step towards the development of the 
rotor blade used in modern helicopters in the West. 
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inventions every hundred years. How does this compare with the inventiveness of 
the other great early civilisations — Babylonia, Egypt and India? 

Again itis worth classifying inventions into categories. Chinese inventiveness seems 
to have been particularly fruitful in the production of machines and instruments; 
these served five main fields of interest, namely agriculture, metallurgy, transport 
and travel, war and the study of the heavens. Ploughshares, bellows, paddlewheels, 
crossbows and rain gauges offer an example of these in each field. Chinese inventive- 
ness had a particularly practical bent. But there were more abstract fields of interest 
also. he human body and the medicines needed to treat its diseases were also backed 
up by theoretical interest into, for example, the circulation of the blood. Some in- 
ventions seem to have arisen merely from a whimsical curiosity, such as the ‘hot air 
balloons’ made from eggshells which did not lead to any aeronautical uses or aero- 
dynamic discoveries, or the zoctrope which did not lead on to the kinematograph, 
or the helicopter top which did not lead to the helicopter. The Chinese had in fact 
so many inventions to do with flight, crowned by the man-carrying kite, that one is 
surprised that they did not invent a glider at least as good as that which broke the legs 
of the Saxon monk Aethelmacr at Malmesbury early in the +11th century. Or per- 
haps did Yiian Huang-Thou jC # 34 in +559 glide even further on his kite shaped 
like an owl and made of paper than Aethelmaer’s furlong? (See SCC, Volume 4, 
part 2, pp. 587-8.) 

Inventions in themselves, however, do not foster or inhibit science. It is necessary 
to study the social background, the ideas and practices which generate them and 
ultimately science itself. Our task is to study those ideas and practices which are 
recorded and seem either to have fostered or to have impeded the growth of science 
and technology in China. Let me speak of those social and economic factors which 
appear to have most powerfully advanced or hindered the growth of science in 
China from the medieval to the modern stage. ‘he inventiveness of the Chinese 
people cannot be gainsaid, nor can their curiosity about natural phenomena. And 
yet they did not discover the supreme method for making scientific discoveries. Why 
was this? Perhaps it is now time for me to write my last few words in concluding this 
long serics of volumes. 

These volumes began slim cnough, but already by the third they were developing 
a middle-age spread. I felt that if a volume were too large to read comfortably 
in one’s bath it was time to subdivide it. SCC, Volume 4 was accordingly divided 
into three parts or ‘physical volumes’, but such was the wealth of Chinese science 
and technology which opened up before us that these too became unwieldy. SCC, 
Volumes 5 and 6 had to be subdivided into so many parts that it is doubtful whether 
I can see their completion within my lifetime. Now at the age of ninety-three, I 
should not wait any longer to summarise why I think it was that China, after such 
a promising start, did not go the whole way to developing modern science, whereas 
Western Europe, for special reasons which have been set out above, succeeded in 
doing so. 











226 50 GENERAL CONCLUSIONS AND REFLECTIONS 


I would like to begin with why, in my opinion, China made what I have called ‘a 
promising start’. In the preceding pages of this concluding volume I have made it 
clear that I cannot go along with any theory that the Chinese were better or less well- 
endowed with brains or moral qualities than Westerners. Racism is not for me. Nor 
can I subscribe to the notion that it was just a matter of luck that Europe happened 
to be the place where modern science was born. I am convinced that it was duc to 
the different types of society generated at opposite ends of the Eurasian land mass, 
and of course differences in geography and in economics had a big hand in shaping 
those societies. But what are the qualities that make a good scientist? 

First of all, perhaps, curiosity is needed, combined with persistence. Curiosity 
alone is not enough. The many-wiled Odysseus did not lack curiosity, but was in 
no way a scientist. The early Taoists, not only curious about what they saw, but 
observing nature patiently and persistently, were proto-scienusts. The scientists of 
modern China are heirs to an immensely long tradition of careful and persistent 
observation. In ancient times the Chinese tradition of keeping records was rivalled 
only by that ofthe ancient Babylonians. Indeed, in the recording of eclipses and many 
other celestial phenomena the Chinese excelled, as a glance at our SCC, Volume 3, 
pp. 409 ff. will make clear. 

Other important qualities come to mind in which the Chinese were by no means 
lacking. They had the ability not only to observe and record, but to make accurate 
comparisons between things observed; and having observed and compared, to place 
things in groups and to classify. Chinese skill and interest in classification is amply 
demonstrated in SCC, Volume 6, part 1, where we wrote of Chinese botany and the 
pen-tshao AX # literature, what we have called pandects of natural history. Ability to 
classify is one of the green shoots of budding science.°° 

Today we think of science very largely in the context of experiment aimed at 
the isolation of variables m order to test a possible theory. ‘This is a fairly modern 
development. In medieval China there was a tradition of experimentation, sometimes 
misconceived, yet by sheer persistence yielding rich rewards.*” The gunpowder epic 
described in SCC, Volume 5, part 7, is one example of this. Some of the requirements 
for modern experimentation were there, but not all. 

There were other abilities which the Chinese possessed in good measure, such 
as the art of logical disputation, and the ability to hypothesise and to make coun- 
terfactual hypotheses. The logical furnishings of the Chinese mind have been well 
described by Christoph Harbsmeier in SCC, Volume 7, part 1. Nor did the Chinese 
lack scepticism, though there were some areas where scepticism was not acceptable. 
just as in medieval Kurope to challenge the verity of the Holy Ghost would not have 


34 Alse see Gutmann (1992), p. 231, fer an appreciatien efthe merits ef taxonemy. 

What a centrast with the Reman Empire fer the peried frem the —2nd century to the +2nd century, when 
Marius’ decisien to sherten the swerd and extend the frontiers was virtually the last spark of Reman inventiveness. 
In China in the same peried there were thirty-feur scientific disceveries out of a tetal of sixty-seven discevcrics and 
inventiens. Later. in the Sung peried (+11th te +14th centuries), there were qventy-three scientific disceverics eut 
of a total of forty-seven discoveries and inventiens. 
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been acceptable. All these were valuable aspects of Chinese intellectual attitudes 
highly relevant to the birth of science. 

Encompassing Chinese thinking was the overall predilection for action at a dis- 
tance, as opposed to the Western predilection for atomism. This may well have 
handicapped the Chinese in elaborating a theory of dynamics, but was helpful in 
discovering such things as the nature of the tides (SCC, Volume 3, pp. 483 fF.), of musi- 
cal resonance (SCC, Volume 4, part 1) and of magnetic phenomena (SCC, Volume 4, 
part 1, pp. 229 fE). 

No less important were the social structures of ancient and medieval China. Of 
those which did not help China on the road to modern science I shall speak in a 
moment. But among those which gave China a good start I would mention the fact 
that chattel-slavery was never a basis for Chinese society, as it was in the Roman 
Empire, and that those who were willing to apply labour-saving inventions did not 
have to fight the cut-throat competition of slave labour working the fields in gangs, 
as was normal in the Roman /atifundia. This is perhaps the main reason why Chinese 
technology got away to a flying start in the centuries when Rome was in decline and 
Western Kurope was descending to the Dark Ages. 

Next I would mention that, as in the West, the Chinese had the idea of linear 
time, but along with a reverence for times past was the idea of progress. Whereas 
classical Europe viewed time as descending from a golden age long past to a leaden 
age of dullness and immobility yet to come, the Chinese, with every century pro- 
ducing its crop of inventions and technological improvements, could scarcely view 
the future with such bleak pessimism. Calendars also, with each succeeding dynasty, 
were revised and recalculated with a view to improvement. 

Another factor which gave China a good start for science was the educational 
structure. It had an astonishing resilience, surviving at village level when central 
government had broken down, and returning to the administrative centres from the 
villages where scholars had taken refuge, once central government was re-established. 
The examination system helped to keep the school system in being, and was itself 
kept in being by the need for a bureaucracy capable of running the country. Though 
the examination system was not designed to select scientists, or even to encourage an 
interest in science, it did nevertheless select educated people for positions of power, 
something that was not even contemplated under feudalism in Europe. Though Con- 
fucians were often indiflerent to nature and science, well-educated administrators 
would nevertheless be in a better position to appreciate the value of new inventions 
and technological developments than the illiterate feudal lords of ancestral acres in 
Europe whose main prowess lay in jousting. 

I have referred to certain disadvantages of the Chinese script, but it may be said 
here that the Chinese empire, like the Roman, had a common language by which 
educated people in all the provinces could communicate and exchange ideas. The 
fact that in China it was more often common script than common speech explains 
why characters continued to be used for this purpose long after Latin had ceased 
to be the lingua franca of Western Europe. Nor should one overlook the fact that the 
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Chinese were singularly well equipped to deal with mathematics, having had from 
their earliest times a numerical system based on place-value which was infinitely 
more satisfactory than the Greek and Roman systems based on letters of the alpha- 
bet. Only lacking was the zero which, as I have said in SCC, Volume 3, pp. 10 f. 
probably evolved in Cambodia and was laid like an Indian garland on the empty 
space on a Chinese counting-board (SCC, Volume 3, pp. 148). It is an interesting fact 
that whereas Chinese characters in some measure inhibited the writing of speech 
but aided computation, alphabetic letters aided the writing of speech but inhibited 
computation. Perhaps the culminating achievement of indigenous Chinese mathe- 
matics was the T /en-yian KIT matrix algebra of the Sung dynasty which enabled 
Chinese mathematicians to solve equations of high degree. (See SCC, Volume 3. 
p. 129)." 

‘There is also the matter of the bureaucracy itself. “The negative aspects of bu- 
reaucracy in relation to science have been considered in earlier sections. But there 
were many positive aspects. For example the tremendous effort made in establishing 
a meridian line 3,500 kilometres in length under the direction of Nan-Kung Yüeh 
HS ih, and I-Hsing — 4F during the years +721 to +725 in order to obtain more 
precise data for calendrical astronomy can find no comparable eflort in Europe 
until post-Renaissance times. For an equivalent one must go back to Eratosthenes’ 
attempts to calculate the circumference of the Earth by the use of gnomons placed 
at Alexandria and Syene in the -3rd century. (See SCC, Velume 3, pp. 225 and 
292 fF). 

From the qualities required in a scientist, and from such social structures as schools 
and universities necessary for the development of science, we may turn to the materi- 
als needed to record scientific information. The earliest Chinese writing materials 
bone, tortoise shells and slivers of bamboo — were less helpful to writers than the 
Babylonian clay tablets or Egyptian papyrus sheets. But certainly by the —6th century 
ink brushes were being used lor writing on sheets of silk, and by the +2nd century 
the manufacture of paper in quantity had been organised. Paper is renewable, but 
when the papyrus reed-beds of Egypt became exhausted, the Roman bureaucracy 
was forced to turn to parchment and vellum prepared slowly and expensively from 
animal skins. From then on until the introduction of paper and printing to Europe. 
China had the advantage in the dissemination of ideas. Nor was there any lack of 
books; the Chinese were themselves pioneers in printing on paper. Like the Greeks 
they had also learnt to bring words together in dictionaries, ideas together in ency- 
clopaedias and books together in libraries for the use of scholars; and like the Greeks 
they had learnt how great a loss the world of learning can suffer when books are 
destroyed in conflagrations. 

I should draw attention also to the fact that the Chinese had invented many 
instruments for precise measurements which are necessary for the onward march 


+ Alvares (198e), Joscph (1991) and Bhanu Murthy (1992) show how far ancient peoples could get in mathematics 
without the intervention of modern methods. 
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of science, instruments for map-making (the hoclometer, the south-pointing carriage 
and the concept of the rectangular grid, for example), and for the study of climate 
(rain gauges and snow gauges), to name but a few. Many of their inventions, though 
utilitarian at the outset, stimulated scientific investigation. The magnetic compass, 
for instance, provoked an understanding of magnetic polarity and declination before 
even polarity was known in Europe. This cannot be dismissed as mere technology. 
It was carly science. Again, the recognition of fossils was an example of carly science 
and not merely technology. 

Finally I would like to say that just as the great ocean voyages stimulated the 
men of the Renaissance to rethink their science when confronted by unimaginable 
beasts and plants never seen before, so also the Chinese had their age of great ocean 
voyages when Admiral Cheng Ho $$ #11 explored the South Seas and the western 
limits of the Indian Ocean. The giraffe was at least as great a surprise to the people 
of China as was the armadillo or the duck-billed platypus to the people of the West, 
and required no less revision and expansion of classification systems. 

Such then are some of the factors in China and the West which it seems to me were 
of cardinal importance for the growth of modern science. On the whole China was 
well endowed, and we can understand how it is that they obtained an early lead in 
technology and a promising start in some of the sciences. Yet it was Western Europe 
which discovered the method of developing the new natural science which was to 
transform the world. What were the other factors? 

One factor which stands out above all others is the rise of the bourgeoisie for the 
first time in history. We may review the factors which led to it, and we may discuss the 
results which followed from it, but it is the rise of the bourgeoisie in Western Europe 
from the 15th century onwards which decided that Europe would not continue trying 
to cmulate its classical past, nor evolve in Chinese fashion, improving its technology 
and making small advances in various sciences without actually coming to grips with 
scientific method, but would strike out in a new direction, developing capitalism, 
scientific method and the industrial revolution one after the other. 

So complex was the process that we cannot flatter ourselves that in our Volume 7 
we have done more than hint at the main movements. In speaking of the rise of 
the bourgeoisie I am mindful that its origin can be traced back to the city-states of 
Greece, the Roman concept of law, and to an old passion for individual freedom and 
self-government. I am very much aware that the geography of Europe contributed 
to these things — Europe was in fact a nursery for merchant princes — and that 
the ability of merchants to amass wealth and retain it made it possible for them to 
overthrow governments, something which the stable political system of China could 
not countenance until the West made it impossible to avoid.” 

We have wished to show in SCC, Volume 7 that the bourgeoisie succeeded in 
gaining and keeping power because of a unique situation following what Immanuel 
Wallerstein has called ‘the four collapses’ — the collapse of the Seigneurs or feudal 


+ Also see Dorn (1991). 
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order, of the States, of the Church and of the Mongol Empire. The importance of 
the Black Death in weakening these four orders and so enabling the bourgcoisie to 
gain control can hardly be exaggerated. The Black Death struck not only Western 
Europe but also the Mongol Empire, including China where it had originated. But in 
China no bourgeoisie arose to take control. ‘he case of Western Europe was unique. 

Under bourgeois dominance modern science came to birth. I have described 
how propitious was the mercantile atmosphere for careful and accurate measuring, 
recording and testing — first this factor and then that, to see which was the more 
profitable. In that way the elimination of variables became a method, and scientific 
method was born. 

But the great step during the bourgcois revolution was the mathematisation of 
hypotheses, and this was something which was never achieved in China before the 
19th century. It became possible in Europe because scholars and artisans at last 
found themselves communicating not fitfully but regularly in the course of business 
and daily work. And this became possible because a new type of education opened 
for the artisans. For centurics the sons of artisans and merchants had been able 
to get an education if they were sufficiently lucky or gifted. Cardinal Wolsey, for 
example, was the son of a butcher. Such educated persons, however, did not make 
their way into commerce, but were absorbed into the Church or the old classically 
educated orders. The new education began when for the first time books were 
printed in the vernacular languages of Europe. The importance of printing for the 
Renaissance was brought out in 1979 in such books as The Printing Press as an sgent of 
Social Change, by Elizabeth L. Eisenstein. Although the Chinese invented moveable- 
type printing (at the time of Pi Sheng #4, +11th century) they could not achieve 
the same information revolution as the Europeans. ‘They were hamstrung by the 
complexities of Chinese characters. Douglas S. Robinson has recently stressed to me 
in a personal communication the importance of the printed word for a technological 
revolution as follows: ‘a technological socicty requires a certain minimum quantity of 
information . .. a quantity that is essentially unachievable without the technology of 
printing... the absence ofan alphabetic writing system handicapped its development 
there [in China] to some degree, perhaps to the point that the necessary level of 
information production was never achieved, or at least was much delayed’. 

Before the introduction of printing, books were too expensive for the common 
people. There would therefore have been little point in translating texts from Latin 
into modern European languages. Most of those who could afford books could read 
Latin. But with printing in the vernacular, written information was at last within the 
reach of Western European artisans. A child could then begin to read in its mother 
tongue. It was no longer necessary for a boy or girl first to learn Latin in order to be 
able to read a serious book, unlike China where mastery of the old classical language 
was essential for this purpose. Armed with no more than an understanding of the 
alphabet aman could tear an education for himself out of books printed in his mother 


t3 The role of gunpowder in the changing of European political structure is mentioned above, pp. 53, 211, n. 23. 
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tongue. William Cobbett is an example of one who did this as late as in the 19th 
century. Thus it was only when the old Chinese invention of moveable-type printing 
met with the alphabetical languages of the West that an ‘information revolution’ 
came about.* 

Even with only a rudimentary education artisans became more useful to their 
employers, and educated employers needed the help of artisans who could read and 
write. The gulf between artisans and scholars had at last been bridged. The fruit of 
this union was modern science and the industrial revolution. To explain why this 
did not happen in China one needs to be able to explain why in China there was 
no bourgeois revolution. Many of the reasons for this may be found in the previous 
volumes — the establishment of the bureaucracy, the stability of the Chinese system 
of government, deep-rooted opposition to a mercantile ethos, the failure to develop 
what Huang Jen-Yii # {2 ¥ calls ‘a mathematically managed economy’, all these 
have been discussed. One may also speculate on whether Western Europe would 
have elaborated scientific method without Euclid, or whether the bourgeoisie would 
have established their position if it had not been for the Black Death. These are 
questions comparable to that old favourite, ‘Why did the Roman Empire fall?’ or, for 
that matter, ‘Why did the Western Empire not last as long as the Eastern Empire?’ 
These questions are stimulating, and sometimes provoke fresh thinking, but they 
have no definitive answers. 

My concluding thoughtis that by an extraordinary series of events modern science 
was born, and swept across the world like a forest fire. All nations are now using it, 
and in some measure contributing to its development. We can only pray that those 
who control its use will develop it for the good not only of mankind but of the whole 
planet. 


H See Cardwell (1994), p- 55- 








APPENDIX 
JOSEPH NEEDHAM: A SOLI LOQUY* 


Gonville and Caius College Chapel, Cambridge. 
Funeral of 
Noel Joseph Terence \Lontgomery Needham 
Friday 31 March 1995 


Let us begin and carry up this corpse 
Singing together, 

Leave we the common crofts, the vulgar thorps 
Each in its tether. 


Kenneth: I wonder how we begin. At omega of course, and proceed to alpha. 

Service: As soon as thou scattcrest them they are even as asleep: and fade away 
suddenly like the grass. 

Kenneth: Tell me, Joseph, have you any fears about an after-life? 

Joseph: My greatest fear isthatafter death one might find that the medieval teaching 
is true, and that therc is a hell, a Buddhist hell with demons! I prefer the ‘laoist 
belief that after death we are resolved into our elements, received as it were 
into the Great Inner Chamber, where no one should pursue us with shouting 
and bawling. That is what I wished for my first wife Dophi, and my second wile 
Gwei-Djen. 

Service: Let us pray. 

Kenneth: Do you pray, Joseph? 

Joseph: Sometimes. 

Kenneth: Are your prayers answered? 

Joseph: Only if they are in accordance with the ‘lao. 

Kenneth: How do you know if they are in accordance with the Tao? 

Joseph: Ah! ‘That is the big question. 

Kenneth: I think you claim to be a Christian, a Marxist and a ‘Taoist. You may be 
each of these at times, but surely not all three simultaneously? I know you like 
to build bridges between contradictory opinions, but isn’t this a bridge too far? 

Joseph: They all have a lot in common. Perhaps what the world needs is a synthesis 
of the best in all three. 

Service: Man that is born of a woman hath but a short time to live... . He cometh 
up, and is cut down, like a flower — he fleeth as it were a shadow, and never 
continueth in one stay. 


* This was written by Kenneth Robinson, shortly after Needham’s funeral. The soliloquy takes the form ofan 
imaginary conycrsation with Needham during the funeral service, but is based on actual conversations which had 
taken place between the years 1949 and 1995. 
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Kenneth: What sort of woman were you born of, Joseph? 

Joseph: My mother, Alicia? She was a very exciting person, Scots-Irish, musical — 
she composed the melody for the song ‘Nelly Dean’ — full of life, endlessly at war 
with my father, who was a pioncer anaesthetist. I was always trying to mediate, 
to build bridges of understanding between them, but I never succeeded. 

Kenneth: That was a bridge you failed to build, but what a bridge you built between 
the civilisations of China and the West! Till then these two civilisations had 
thought of each other as rivals, but now, thanks to your life’s work, we all regard 
them as complementary. 

I think you once characterised the civilisation of the West as a ‘slap in the 
face’ civilisation. That is to say, when there is a confrontation, Westerners tend 
to calla spade a spade anda liar a liar. When a person is given a slap in the face 
and blatantly insulted, dialogue comes to an end; China, on the other hand, 
you described as having a ‘stab in the back’ civilisation. When there is a con- 
frontation, though they may stab their opponent in the back, they keep smiling 
and dialogue can continue. 

Joseph: Yes, that is so. Although neither of these forms of behaviour is desirable, I 
prefer to keep talking. You find this contrast even in their logic. Whereas in the 
West we say: all men are mortal. Socrates is a man. Therefore [even a fool can 
sec that] Socrates is mortal; the Chinese end this syllogism with a polite question 
and a smile as they put the knife in: How [may I ask the learned gentleman] 
could Socrates not be mortal? 

Kenneth: Tell me, Joseph, how did your interest in different civilisations begin? 

Joseph: Well, I began as a classicist, not as a scientist, but at Oundle, where I went 
to school, they put considerable stress in the curriculum on working with one’s 
hands, and on the making of models and machinery. That is perhaps where 
I got my interest in all sorts of machines and mechanisms, and in comparing 
the mechanical inventions of China and the West, which came to fruition — or 
should I say fructification? — in Science and Cwrksation in China, Volume 4. This 
volume dealt with physics and its practical applications. 

Service: So teach us to number our days that we may apply our hands unto wisdom. 

Prosper thou the work of our hands upon us, O prosper thou our handywork. 

Joseph: And then I lived in France to acquire French and to broaden my education. 

Kenncth: I think youspoke French very well, and of course had no trouble in reading 
Te 


Hélas! 


Ne vais-tu pas hier, Brinon, 

Parlant et faisant bonne chére, 

Q ui rest aujourd’hui, sinon 
Quw’un peu de poudre en une bière, 
Et dont ne reste rien que le nom? 
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{Was it not only yesterday, Brinon, that you were getting around, chatting and living it 
up, who today are nothing at all except perhaps a handful of dust in a casket, and of 
whom nothing is left but the name?] (Ronsard. Trans. A. R.) 


Kenneth: You got caught up in the First Werld War a little bit, didn’t you? 

Joseph: Yes, in 1918 I was seventcen. I was born on g December 1900. It means | 
never had any difficulty in working out my age. In fact I prefer the Chinese way 
of calculating age, which states the number of years you are completing. 

Kenneth: So in 1995 you are in your ninety-fifth year? 

Joseph: Yes, that’s it. So for a few months I was a surgeon sub-lieutenant. I went 
up to Caius in 1918 intending to become a surgeon. But the saw-bones side 
of the business was too mechanical. It was too much like carpentry. I needed 
something morc intellectually challenging. So I switched to biology and worked 
on the newly developing science of biochemistry with Sir Frederick Gowland 
Hopkins in his lab. We called him Hoppy. That was a time when we made up 
limericks, clerihews and other poems on scientific subjects. There was one by 
J. B. S. Haldane I remember, who preceded me as Sir William Dunn Reader in 
biochemistry. It went like this: 


You cannotsynthesise a bun 

by simply sitting in the sun. 

I do not answer — Yes, yes, yes 
When I am offered meals of S. 
But readers, rhizostomes and rats 
Arc fairly good at making fats. 

So let us firmly stick to this, 

Our most effective synthesis. 


Kenneth: So that was when you started analysing the metabolic changes in the 
embryonic development of chickens from the egg. How did you do it? 

Joseph: I had three eggs in an incubator, and every day | took one out, churned it 
to a pulp and then carried out a chemical analysis of the liquid. It soon became 
clear that a chicken embryo was a small chemical factory, exchanging some 
chemicals for others. 

Kenneth: And after that you got down to the writing of your Chemical Embryology in 
three volumes which established your reputation as a leading scientist. It must 
have taken an immense effort. Gwei-Djen told me you had a breakdown after 
it. 

Joseph: Yes, that was in 1931. For two weeks after it was finished 1 had difficulty in 
sleeping because I was incessantly hearing music in my head. 

Kenneth: You were at that time, and for some years to come, a scientist, but one 
with an extraordinarily wide range of interests. Yet, in the end, your life turned 
into a sort of pilgrimage in pursuit of knowledge, justice and freedom. How did 
that come about? 
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Service: No goblin nor foul fiend 
Can daunt his spirit; 
He knows he at the end 
Shall life inherit. 
Then fancies, fly away: 
He'll not fear what men say; 
He'll labour night and day 
To be a pilgrim. 


Joseph: It came about because four Chinese graduate research students came from 
Shanghai in 1937 to study biochemistry with Dophi and me in our labs. One 
of these was Lu Gwei-D jen whom I married in 1989. From them I learnt that 
China had developed mathematics, astronomy and several other sciences to a 
level comparable to that achieved in medieval Europe. Till then people in the 
West believed they had a monopoly in scientific thinking. 

I began to teach myself Chinese. When in 1942 our government felt it should 
make a friendly gesture towards the Chinese government by sending a scientist 
to join the Embassy in Chungking they sent me, not because I was likely to do 
much good, but because I was sufficiently maverick as to be clearly expend- 
able. 

Kenneth: And then followed your four years of extraordinary exertions on behalf 
of Chinese university education and research. You visited the remotest parts of 
the country with what transport you could get, or on foot, learning all the time 
from Chinese scientists about the history of science in China, and gradually 
forming the nucleus of the library which is today housed in the Institute which 
bears your name. 

Joseph: That is correct. And already there was forming in my mind the plan for 
my book Science and Civilisation in China. 'This book, I was determined, would do 
justice to the hundred or more generations of thinkers and experimenters who 
had been measuring and recording phenomena in China for so long. 

Kenneth: I imagine it was your dedication to justice that led you to stick your neck 
out over the controversy in the Korean War about germ warfare. Did you ever 
test the exhibits? 

Joseph: Atthe end of the Second World War, when I was still in China, the American 
Air Force dropped anthrax-impregnated cattle cakes in South China, apparently 
to test their effectiveness. I myself carried out tests on these cakes and found 
that the allegations were true. I therefore had no reason to doubt the truth of 
what my informants told me about a similar occurrence in Korea. 

Kenneth: I remember you telling me about this not so long after it happened, and 
when you were blacklisted from entry to the United States. I suppose now that 
we know morc about how war was waged in Victnam, and about the use of 
nerve gases in Britain, it does not seem so improbable. 

Joseph: I think there has been a certain swing in public opinion since those days. 
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Kenneth: So much for justice, but what about freedom? I do think, Joseph, that you 
have been pretty blinkered about freedom in the People’s Republic. I remember 
you saying in a radio talk that there was freedom of movement in China, way 
back in the 1970s. A person had only to go to the railway station, you said, and 
buy a ticket, and he could go anywhere in China that he liked. But could he get 
permission to be absent from work, or to spend two or three days queuing to 
buy a ticket? 

Joseph: The first freedom is freedom to eat. People in China were at last being fed. 

Kenneth: What about personal freedom in this country? Many peopleused to believe 
that you were an extreme Marxist, if not a member of the Communist Party. 

Joseph: Rubbish. I was a member of the Labour Party. 

Kenneth: Certainly you were a champion for justice and freedom when you made 
it possible for Professor Jacobsen to escape from Germany and the threat of the 
Holocaust. You brought him to Cambridge in 1933, didn’t you? 

Joseph: I think that would be the year. 

Kenneth: And what about personal freedom for individuals here, and sexual freedom 
for students? I remember when you were Master of Caius, you did not agree to 
the installing of vending machines for condoms in the college. 

Joseph: I had no objection to the free association of students, and to their buying 
packets of condoms in the town if they wished to, but if these machines were 
installed in the college it would mean that someone wanted a condom instantly, 
I was not in favour of instant sex. 

Kenneth: But you were keen on other sorts of freedom. For instance on Sunday 
afternoons you would take a group of friends out to Quy where I now live, and 
find your way to Quy pool, and there everyone except Gwei-I) jen would strip 
to the bare buff and go prancing off into the water. But Gwei-D jen would sit 
modestly by herself, her gaze averted! 

Joseph: Have you been out to the pool then? 

Kenneth: No. It’s no longer used for swimming. It’s clogged with weed, and someone 
was drowned in it. But your description of it which Laurence and Helen Fowler 
reproduced in their book Cambridge Cemmemerated catches the spirit of it. Here 
it is: 


Happily the country around Cambridge, especially towards the north-east where the 
fens are, is wonderfully provided with wild pools. ... One of these pools lies very difficult 
to find in what is practically a piece of untouched fen. It is almost surrounded with reeds 
whose stems are almost white, but bear at the top their long green blades which stream 


unanimously out in one direction if there is a little wind. Ifyou lie flat on the bank of 


the diving place and look along the pool, you see a picture of reeds in the best Chinese 
manner. Then if you dive in, you find the water absolutely clear and beautifully brown, 
contrasting marvellously with the brilliant blue of the surface, reflecting the sun. Or 
at midnight, on one of those few nights of the year when the air and water are warm 
enough, it is lovely to swim through the moon and stars glittering on the water . . . 
(History Is on Our Side, 1946) 
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at you Kenneth: Cambridge must have been a tremendous free-thinking place in the 1930s, 
ember and it was still very exhilarating when I first knew you. You used to drive your 
Way great Armstrong-Siddley car which had previously belonged to my schoolboy 
d, and hero Sir Malcolm Campbell, the racing driver who set up the world’s land-speed 
he get record at over 300 mph in 1935. 
ing to I first met you, I think, at Oxford in 1949. You had read the first draft of my 
thesis on the evolution of equal temperament in China, and you said that you 
ig fed. were engaged on Volume 4, Physics, of your Science and Cwilisation in China, but 
elieve that acoustics were your ‘blind spot’. Would J write you about twenty pages? I 
arty. said I couldn’t possibly do that. I didn’t know enough about it. You said, ‘Of 
course you can’, with such conviction that no further argument was possible. 
made And so, in due course, I wrote 103 pages for Volume 4. 
of the Joseph: Yes, I remember that very well. You used to bring the manuscript down in 


instalnients to Caius, and we would work through it. 
Kenneth: I don’t think you have any idea of the strain I experienced when I was 


edom working with you then. So little was known about acoustics in China in those 
ree to days. The great sets of bronze bells so wonderfully described by Chen Cheng- 

Yih had not yet been discovered, and we were often skating on thin ice. I 
uying would try to explain some difħculty I had encountered in a text, and would 
pwere be sweating to hold together ideas which wanted to fly apart, and would be 
tantly. floundering with my words, breaking off, starting again. . . . You sat there like 

Patience on a monument, eyes closed, silent, waiting, waiting. Finally you would 
anday say: ‘I haven't the slightest idea what on earth it is you are trying to tell me’. And 
t, and then, in two highly distilled lines, you would resolve all the difficulties. Later I 
i strip was taught by Gwei-D jen how to deal with you. She often expressed herself in 
aid sit the most exotic English, which you understood perfectly well, but affected not 


to. When you said, ‘I haven’t the slightest idea what it is you are trying to say’, 
she would reply: ‘You silly old man, you’re not even trying!’ 


weone You used to take me to dinner in Hall, and after it we'd work through my 
owler manuscript with incredible speed and concentration, and then wed talk of 
Here other things. You were always forthright and unconventional. I remember in 


the 1980s, when you were beginning to find movement painful, you used to 
make your way up to the dining hall via the kitchens, getting the kitchen staff to 


re the hoist us up on the vegetable lift! You were a wonderful and generous host, and 
ficult invited me to Caius many times during the years when I was working abroad, 
reeds 


if] happened to be in England. I enjoyed those visits very much. 


i or In 1979 you invited me to leave my post with the UNESCO Institute in 
r Hamburg and ‘come over to Macedonia and help us’. How could I refuse such 
| an offer? I started working with you again in 1980. My task, editing the final 
2 Or volumes of your work, was particularly difficult because you had sometimes been 
varm unable to tell old friends who pressed their writings on you for inclusion in the 
E.. series that they were notin harmony with your thinking. Itwas easier to say that 


Kenneth would sort out any problems arising from different points of view. 
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Joseph: When a really eminent person devotes a lot of his time to writing a contri- 
bution, and then presents it to you as a gift, how can you refuse it? As you know, 
I never subscribed to the slap in the face approach. 

Kenneth: As the 7ao Te Ching makes clear, if things go wrong you must correct them 
early, otherwise you are in real trouble. Field Marshal Montgomery used to say 
the same thing to his officers: “You must not get into battle on the wrong foot, 
gentlemen. You must not get into battle on the wrong foot.’ 

Joseph: The trouble was that when I embarked on the writing of Science and Civili- 
sation in Chana I had no idea of the immense wealth of ideas and information 
that we would discover. People in the Western world used to think that Chi- 
nese civilisation was one of pretty paintings, of rather unconventional poems, 
of unspeakable music, of wonderful results in handicrafts — silks, porcelains 
and bronzes — and of the accidental discovery of gunpowder, which they used 
for fireworks, but no real science. I myself visualised a single slim volume on 
Chinese science in the days before the Second World War, when I was first 
becoming interested in the possibility. During my time in China realised that 
one volume would not be enough, and that it would probably have to be seven. 
Volume 1 would sketch in the general background. Volume 2 would describe 
the philosophies and religions of China as they affected the development of 
science. Then in Volumes 3 to 6 we would describe what the Chinese knew 
of mathematics and astronomy, with related studies, of physics, chemistry and 
biology. That left Volume 7 for describing the social background and coming 
to some general conclusions. 

As we got deeper into our work the volumes increased in size. More and more 
fascinating stuffkept coming out as we ransacked the treasure house of Chinese 
literature. Volume 3 was already too big for comfortable reading in one’s bath. 
Volume 4 burst at the seams and had to be subdivided into three fat volumes. 
Volumes 5 and 6 are still in progress, sti]] expanding. I had at one time hoped 
to be still with you when the last volume was published, but I promised that 
even if] was not on the bridge the ship would sail safely into port with others in 
command. | am sure that day will come. Mydilemma was this: when I discovered 
the immense wealth of Chinese studies in science, technology and medicine, 
was I to ignore the riches which were being unearthed, and concentrate on a 
mere outline in just seven volumes, or was I to publish everything I could as 
it arrived? I chose the latter course. I published no less than four volumes, for 
example, on alchemy in China, and with Gwei-Djen decided on a change in 
policy by which we would co-opt other writers to take charge of the volumes 
we couldn’t handle ourselves. Till then your contribution on acoustics was the 
only one not to be written by myself. 

Kenneth: Until you changed your policy you had tackled every subject, every field of 
science, head on, almost from scratch. I remember when you were just starting 
the first volume on botany, I asked you how it was shaping and whether you 
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| contri- already knew much about Chinese botany. You replied: ‘No. At present it’s just 

u know, a green blur! But two years later it was no longer a green blur. You had got all 
the great Chinese botanists and their systems of classification of plants in sharp 

ct them focus. That would have been a life’s work for many people. 

d to say There are many things about your writing which I find most admirable. 

mg foot, For example, even on the most erudite subject there is a colloquial friendliness 
clothing a sentence structure of classical rigour, and with the most precise use 

id Civili- of words chosen for their accuracy. This often requires a high level of education 

rmation in the reader, and it will be some time before the full impact of your work is 

wat Chi- felt all the way through the education systems of Western countries, filtering 

poems, into school textbooks, though that process has already begun. But I also admire 

reelains your dogged persistence, brushing aside superficial criticisms and not wasting 

ey used time defending your reputation. As you used to say: “lhe dogs bark, but the 

ume on caravan moves on’. Working with you I found it most comforting to know that 

was first your broad shoulders were there to carry the weight. 

sed that Service: God be in my heart 

€ seven. And in my thinking. 

describe God be at my end 

ment of And in my departing. 

se knew 

iy and Kenneth: You loved rituals, didn’t you, Joseph, and all ritualised dancing, as with 

coming the Morris dancers. What was the rhyme that Francesca Bray illustrated for 

3 you? 

ad more 

ee Dr Joseph Needham l 

à Dances with philosophic freedom. 

e's bath. You'd better watch your toes if 

olumes. You dance with Joseph. 

e hoped 

sed that And you loved poetry and amusing songs, and would often sing them at parties 

thers in and even at radio interviews. Hélas, hélas . . . 

covered 

edicine, Ne vais-tu pas hier, Joseph, 

We ona parlant et faisant bonne chére? 

ould as 

mes. for So we gather you up for your last great ritual — greater than all the honours you 

ange in received during your long life; more memorable than the day we escorted you 

iplumes to Buckingham Palace. 

was the Service: The coffin is carried round Caius Court, followed by the Fellows walking 
two by two, and then to the Gate of Honour... The choir then sing the 

field of Nunc Dimittis. The coffin is carried up the Senate House Passage, and the 

starting congregation disperses. 


her you 
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In the room marked K2 in Caius College, where Joseph Needham did so much 
of his work, four Chinese characters may be scen on the wall: 


Jen chhü A£ 
Liu ying 3g. 
The man departs. 
There remains his shadow (his umbra or influence). 
Kenneth Robinson 
Cambridge Review 
November 1995 
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Partial trs. Morgan (1); Erkes (1); Hughes (1); 
Chatley (1); Wieger (2). 
Chung-Fa Index no. 5. 
TT m70: 
Hsi Ming 7 %. 
The Inscription on the Western Wall 
[of his lecture-theatre]. 
Sung, c. +1066. 
Chang Tsai 5& $. 
Tr. Eichorn (3). 
Hsi Yüan Lu eR Bk. 
The Washing Away of Wrongs 
[treatise on forensic medicine}. 
Sung, +1247. 
Sung Tzhu X #. 
Partial tr. H. A. Giles (7). 
Hsiao Ching # B. 
Filial Piety Classic. 
Chhin and C/Han. 
Aurib. Tseng Shen (pupil of Confucius) $ $. 
Tr. De Rosny (2); Legge (1). 
Hsing Li Ching INE 3B 48 HB. 
Essential Ideas of the Hsing-Li [Neo-Confucian] 
School of Philosophers [a condensation of the 
Hsing Li Ta Chhiian, q.v.] 
Chhing, +1715. 
Li Kuang-Ti 4 #6 4t, 
Hsing Li Ta Chhiian (Shu) E38 A &{ #1. 
Collected Works of [120] Philosophers of 
the Hsing-Li [iNeo-Confucian] School 
(Hsing = Human Nature; Li = the 
Principle of Organisation in 
all Nature]. 
Ming, +1415. 
Ed. Hu Kuang $) f& et al. 
Huang Chi Ching Shih Shu 2 4B tt €. 
Book of the Sublime Principle which 
Governs All Things Within the World. 
Sung, c. +1060. 
Shao Yung #8 #. 
77/1028. Abridged in Ising Li Ta Chhiian 
and Hsing Li Ching L. 
Huang Ti Ne Ching, Ling Shu % % N E G 46. 
The Yellow Emporer’s Manual of Corporeal 
[Medicine], the Vital Axis [medical physiology 
and anatomy). 
Probably C/Han, ¢. —1st century. 
Writers unknown. 
Edited Thank, +762, by Wang Ping £ yk. 
Analysis by Huang Wen (1). 
Tr. Chamfrault & Ung Kang-Sam (1). 
Commentaries by Ma Shih & f$ (Ming) and 
Chang Chih-Tshung 3% 4 48 (Chhing) in 
TSCC, I shu tien, chs. 67 to 88. 
Huo Lun Chhuan Thu Shuo K $h A 3k. +1816. 
Hlustrated Explanations of the Fire Wheel 
Ship by Cheng Fu-Kuang 88 4 #. 
Appended to the Ching Ching Ling Cahth. 


I Ching A B. 
The Classic of Changes [Book of Changes]. 





Chou with C/Han additions. 

Compiler unknown, 

See Li Ching-Chhih (I, 2); Wu Shih-Chhang (1). 
Tr. R. Wilhelm (2), Legge (9), de Harlez (1). 
Yin-Te Index no. (Suppl.) 10. 


Khao Kung Chi % T $2. 

‘The Artificers’ Record [a section of the 
Chou Ta]. 

Chou and Han, perhaps originally an 
official document of Chhi State, 
incorporated c. —140. 

Tr. E. Biot (1). 

huan Tzu È F. 

The Book of Master Kuan. 

Chou and C/Han. Perhaps mainly compiled in 
the Chi-Hsia Academy (late —4th century) in 
part from older materials. 

Attrib. Kuan Chung # {#. 

Partial trs. Haloun (2, 5); Than Po-Fu et al. 

Ruan Wu Phien R49 $. 

Treatise on the @bservation of Things. 

Sung, c. +1066. 

Shao Yung #8 #. 

Kuan Yin Teu P F. 

[= Wen Shih Chen Ching) 

The Book of Master Kuan Yin. 

Thang, +742 (may be Later Thang or Wu Tai). 
A work with this title existed in the Han, but 
the text is lost. 

Prob, Thien ‘Thung-Hsiu Œ (] 4. 


Let Ssu Ching # #8 #8. 

The Classic of the Plough. 

Thang, ¢. +880. 

Lu Kuei-MengPé f& &. 

Li Chi $2. 

{= Hsiao Tai Li Chi.| 

Record of Rites [compiled by Tai 
the Younger]. 

(Cf. Ta Tat Li Chi.) 

Ascr. C/Han, ¢. —7e to —50, but really H/Han, 
between +80 and +105, though the earliest 
pieces included may date from the time of the 
Analects (c. —465 to — 450). 

Aurib. ed. Tai Sheng X, £ 

Actual ed. Tshao Po ë & 

Trs. Legge (7); Couvreur (3); R. Wilhelm (6). 

Yin-Te Index no. 27. 

Loyang Chhieh Lan Chi H B 4n & 32. 

(or Loyang Aa-Lan Chi; seng ka-tan transliterating 
sanghardma). 

Description of the Buddhist Temples and 
Monasteries at Loyang. 

N/Wei, c. +547. 

Yang Hsiian-Chih 4 Hf 2.. 

Lü Hsüeh Hsin Shuo R Æ HF i. 

A New Account of the Science of the 
Pitch-Pipes. 

Ming, +1584. 

Chu Tsai-Yu (prince of the Ming) $ $ $4. 
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Lii Shih Chhun Chhiu A K # Hk. 

Master Lt’s Spring and Autumn Annals 
[compendium of natura! philosophy]. 

Chou (Chhin), —239. 

Written by the group of scholars gathered by Lii 
Pu-Wei & RẸ. 

Tr. R. Wilhelm (3). 

Chung-Fa Index no. 2. 

Lin Heng 3 Gi- 

Discourses Weighed in the Balance. 

H/Han, +82 or +83. 

WangChhung £ £. 

Tr. Forke (4). 

Chung-Fa Index no. 1. 

Lun Yü te E. 

Conversations and Discourses (of Confucius) 
[perhaps Discussed Sayings, Normative 
Sayings, or Sclected Sayings]: Analects. 

Chou (Lu), ¢. —465 to —450. 

Compiled by disciples of Confucius 

(chs. 16, 17, 18 and 20 are latcr interpolations). 

Tr. Legge (2); Lyall (2); Waley (5); 

Ku Hung-Ming(1). 

Yin-Te Index no. (Suppl, 16. 


Meng Chhi Pi Than 5 8 BR. 
Dream Pool Essays. 
Sung, +1086; last supplement dated +1091. 
Shen Kua % 4. 
Meng Tzu & F- 
The Book of Master Meng [Mencius]. 
Chou, ¢. —:290. 
Meng Kho £ #. 
Tr. Legge (3); Lyall (1). 
Yin-Te Index no. (Supp}.) 17. 
Mo Ching & 8. 
See Mo Tzu. 
Mo Tzu (incl. Mo Ching) & F. 
The Book of Master Mo. 
Chou, —4th century. 
Mo Ti & @ and disciples. 
Tr. Mci Yi-Pao (1); Forke (3). 
Yin-Te Index no. (Suppl. 21. 
TT /116:2. 


Nan Shih AE- 
History of the Southern Dynastics. 
+659. 
Li Yen-Shou $ 4%. 
Peking: Chung Hua Shu Chi, 1975 edition. 
Nung Sang Chi Yoo B % #3 $. 
Fundamentals of Agriculture and Sericulture. 
Yuan, +1273. Preface by Wang Phan (b) = #. 
Impcrially commissioned, and produced 
by the Agriculture Extension Burcau 
(Ssu Nung Ssu) #] & 4]. 
Probable editor, Meng Chhi Æ #. Probable later 
editors, Chhang Shih-Wen. 
% E X (c. +1286), Miao Hao-Chhien 7 $F 3# 
(c. 1318). 
Cf. Liu Yu-Chhien (1). 


Nung Shu R B. Sh 


Treatise on Agriculture. 
Yuan, +1313. 
Wang Chen £ 45. 


Pen Tshao Ching Chi Chu & BG & È. 

Collected Commentaries on the Classtcal Sh 
Pharmacopoeia [of the Heavenly Husbandman]. 

S/Chhi, +492. 

‘Thao Hung-Ching{¥ 34 &. 

Now extant only in fragmentary form asa 
Tunhuang or Turfan MS, apart from 
the many quotations in the pharmaceutical 
natural historics, under Thao Hung-Ching’s 
name. 

Pen Tshae Kang Mu RB A E. 

The Great Pharmaeopocia; or, The Pandects of 
Natural History [Minerology, Metallurgy, 
Botany, Zoology etc.], Arrayed in their 
Headings and Sub-headings. s) 

Ming, +1596. 

Li Shih-Chen # 84 3%. 

Paraphased and abridged tr. Read & 
collaborators (2-7) and Read & Pak (1) with 
indexes. Tabulation of plants in Read (1) with 
Liu Ju-Chhiang. 

Cf. Swingle (7). 


Pen Tshae Phin Hui Cling Yao ARH HB. SI 
Essentials ef the Pharmacopoeia Ranked 
According to Naturc and Efficacity Si 


(Impenally Commissioned). 
Ming, +1505. 
Liu Wen-Thai 4# x Æ, Wang Phan F 4 & Kao 
Thing-Ho % % +o. 
Pen Tshao nI A BAT BE. 
Dilations upon Pharmaceutica! Natural History. 6) 
Sung, pref. +1116, pr. +1119, repr. +1185, +1195- 
Khou Tsung-Shih Æ 3 9. 
See also Thu Ching Yen I Pen Tshao (7 T/761). 


Shen Nung Pen Tshao Ching #8 fe K BS. 

Classical Pharmacopoeia of the Heavenly ] 
Husbandman. 

C/Han, based on Chou and Chhin material, but 
not reaching final form before the +2nd 
century. 

Wnters unknown. 

Lost as a separate work, but the basis ofall 
subsequent compendia of pharmaceutical ? 
natural history, in which it is constantly 
quoted. 

Reconstituted and annotated by many scholars; 
sce Lung Po-Chien (7), pp. 2ff., 12ff. 

Best reconstructions by Mori Tatcyuki #% 4. 2. 


(1845), Liu Fu #] € (1942). 


Shih Pen tt A. 


Book of Origins [imperial genealogics, family 
names, and legendary inventors]. 

C/Han (incorporating Chou material). —2nd 
century. 


Ed. Sung Chung (H/ Han) ® X. 
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Shh Yao Eth Ya BB HE. 

The Literary Expositor of Chemical Physic; or, 
Synonymic Dictionary of Minerals and Drugs. 

Thang, +806. 

Nei Piao t R- 

TT/ 894. 

Sha Ching $ 8. 

Historical Classic [Book of Documents}. 

The 29 ‘Chin Wen’ chapters mainly Chou 
(a few pieces possibly Shang); the 21 ‘Ku Wen’ 
chapters a ‘forgery’ by Mci Tse # BR, c. +320, 
using fragments of genuine antiquity. Ofthe 
former, 13 are considered to go back to the 
—toth century, 10 to the —8th, and 6 not 
befere the —5th. Some scholars accept only 16 
or 17 as pre-Confucian. 

Writers unknown. 

See Wu Shih-Chhang (i); Creel (4). 

‘Tr. Medhurst (1); Legge (I, 10); Karlgren (12). 

Shuo Fu 22 FB. 

Outer Ramparts of Reportage. 

+1652 (expanded edition). 

Thao Tsung-I pg # #% and Thao Thing pg eds. 

On cditions, sce S. King P’ei-yuan, Etude 
comparative des diverses éditions du Chuou Fou. 
Peiping: Centre franco-chinois d’études 
sinologiqucs, 1946. 

Shuo Ven. 
See Shuo Ven Chieh Tzu. 
Shuo Wen Chieh Tru XR F- 

Analytical Dictionary of Characters [lit. 
Explanations of Simple Characters and 
‘Analyses of Composite Ones]. 

H/Han, +121. 

Hsü Shen #f "#1. 

Sun Tzu Ping Faih F YK. 

Master Sun’s Art of War. 

Chou (Chhi), ¢. —345- 

Ataib. Sun Wau 3% st, more probably by 

Sun Pin fs. 


Tav Te Ching iË 18 8. 

Canon of the Tao and its Virtue. 

Chou, before —300. 

Atnib, Li Erh (Lao Tzu) + Ẹ (# +). 

Tr. Waley (4); Chhu Ta-Kao (2); Lin Yii— Thang 
(1); Wieger (7); Duyvendak (18); and very many 
others. 

Tao Tsang iB %. 

The ‘Taoist Patrology [containing 1464 Taoist 
works]. 

All periods, but first collected in the Thang about 
+730, then again about +870 and definitively 
in +1019. First printed in the Sung 
(+11t1-1517). Also printed in J/Chin 
(+068—tgt}, Yuan (+1244) and Ming 
(+1445, +1598) and +1607. 

Writers numcrous. 

Indexes by Wicger (6), on which see Pelliot’s 
review (58); and Ong Tu-Chien (Yin- Te Index, 
no. 25). 





Thien Kung Khai Wu K BA Mp. 

The Exploitation ofthe Works of Nature. 

Ming, +1637. 

Sung Ving-Hsing X /@ Z. 

Tr. Sun Jen l-Tu & Sun Asiich-Chuan (1). 

Thung Chien Karg Mui 3& 44 B. 

Essential Mirror of Universal History [the 7zu 
Clah Thung Chien condensed). 

Sung, +1189. 

Chu Hsi & & and his school. 

With later continuations. 

Partial t. Wicger (1). 

Tso Chuan £ 18. 

Master Tso-Chhiu’s Enlargement of the Chhun 
Chhiu [Spring and Autumn Annals). 

Chou, compiled between —430 and —250, but 
with additions and changes by Confucian 
scholars of the Chhin and Han, especially Liu 
Hsin. Deals with the period —722 to —453. 
Greatest of the three commentaries on the 
Chhun Chhiu, and others being the Aungyang 
Chuan and the Kudiang Chuan, but unlike them, 
probably itself originally an independent book 
of history. 

Aurib. ‘Tso-Chhiu Ming Æ $p 8A 

Tung Ching Meng Hua Lu RD HBR. 

Dreams of the Glories of the Eastern 
Capital. 

S/Sung, +1148, first printed +1187. 

Meng Yiian-Lao $ mg- 

Peking: Shang Wu, 1959 edition. 

Izu Hsia aii. 

Providing fer Leisure Time. 

Late Thang +9th century. 

Li Khuang-l 2H. 

Chhin Ting Ssu Khu Chhiian Shu tUg 28 
edition. [Taipci: 1983], vol. 850. 


Wiu-Shth-Erh Ping Fang p+- RA 
Recipes for the Fifty-two Diseases. 
—e2nd century. 
Manuscript excavated from a tomb dated 
—168 at Ma-Wang-lui & = 4¢, Changsha & yp 
in 1973. 
Wu Tsa Tru 38 28 [or 4]. 
Fiveleld Miscellany. 
+1608. 
Hsieh Chao-Che 4 Z% w). 
Taipei: Hsin Hsing Shu Chii, 1971 edition. 


Yen Thich Lun BZ R. 

Discourses on Salt and Iron [record of the debate 
of —81 on State control of commerce and 
industry]. 

C/Flan, c. —80 to —60. 

Huan Khuan 44 &. 

Partial tr. Gale (1); Galc, Boodberg and 
Lin (1). 

Yü Aung EF. 
‘Fhe Tribute of Yü. 
(A chapter ofthe Shu Ching, q.v.). 








B. CHINESE AND JAPANESE BOOKS AND JOURNAL 
ARTICLES SINCE +1860 


Chhien Pao-Tshung % wz ed. (1963). 
Suan Ching Shih Shu: II Chiu Chang Suan Shu 
BETS LAER. 
Ten Mathematical Classics. Il: Nine Chapters on 
the Mathematical Art. 
Peking: Chung Hua. 


Kuo Mo-Jo ($ X #) ef al. 
Kuan Tzu Chi Chiao $ $ % 4%. 
Collected Commentary on the Book of Master 
Kuan. 
Hsin Hua Shu-Tien, Shanghai, 1956. 
Kuo Shuang-Lin 9p 8$ # & Hsiao Mei-Hua py $ 7% 
(1995). 
Chung-Kuo Tu Po Shik BARE t p. 
A History of Gambling in China. 
Peking: Chung-Kuo She Hui Kho Hsiieh. 


Lo Hsin-Pen 43% a & Hsiieh Jung-Sheng 24 4b 
(1994). 
Chung-Kuo Ku Tat Tu Po Hst Su 
PHA BEE fe. 
Gambling Customs in Ancient China. 
Sian: Shan-hsi Jen Min Chhu Pan She. 


Pai Shang-Shu fw% (1983). 
Chiu Chang Suan Shu Chu Shih ha AKER 
Annotated Explanations of Nine Chapters on the 
Mathematical Art. 
Pcking: Kho Hsiieh. 


Teng-chhuan Chou Chih g WN. 
Gazctteer of Teng-chhuan Department. 
+1854/5. 
Comp. and rev. by Hou Yün-Chhin ge ft 2- 
Repr. Taipei: Cheng Wen, 1968. 


Wang Chien-Chhiu = # & (1965). 
Sung Tai Thai Hsiieh Yü Thai Hsieh Sheng 
RAAF BA BE. 
The Great School and its Students in the Sung 
Dynasty. 
Taipei: Thai-wan Shang Wu Yin Shu Kuan. 
Wei Yiian 4 yf & Lin ‘Tse-Hsii 4 gi # (1). 
Hai Kuo Thu Chih W © E &- 
Ilustrated Record of the Maritime [Occidental] 
Nations. 
1844; enlarged cd. 1847; further enlarged 
ed. 1852 
Wu Chhi-Chiin 4 #8. 
Chih Wu Ming Shih Thu Khao i % 2 E E 2. 
Hlustrated Investigation ofthe Names and 
Natures of Plants. 
1848. See SCC, vol. 7, pt. 2, 4, pp. 7-8. 
Wu Wen-Chiin +7 #@ ed. (1998). 
Chung-Kuo Shu Hsieh Shih Ta 
Ash Q RE PKR 
Compendium on Chinese Mathematics. 
Peking: Shih Fan Ta Hsieh. 
Vol. 2: Sher Khang-Shen 34, $ ed. 
Chung-Kiua Ku Tat Shu Hsüeh Ming Chu Chiu Chang 
Suan Shu. bE RREZERERH. 
Nine Chapters on the Mathematical Art: 
A Masterpiece of Ancient Chinese 
Mathematics. 


Yabuuti Kiyoshi # (7 ed. (1970). 
So Gan Fidat no Kagaku Gijutsushi. 
[Essays] On the History of Science and 
Technology in the Sung and Yuan Periods. 
Kyoto: Jimbun Kagaku Kenkyusho. 
Repr. 1970. 
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C. BOOKS AND JOURNAL ARTICLES 
IN WESTERN LANGUAGES 


ApANsON, MICHEL (1769). Familles des plants, 2 vols. Vincent, Paris, 1761. 2nd ed. of Vol. 1 only, posthumous; with 
many additions: Familles naturelles: Premiere partie, comprenant l’lustoire de la botanique, cd. A. Adanson & J. Payer, Paris, 
1847, 1864. 

Acassi, J. (1963). Towards an Historiography of Science. Mouton, s-Gravenhage, 1963. (History and ‘Theory; Studies in 
the Philosophy of History, Beiheft no. 2.) 

AJBUKIEWICZ, KAZEMIERZ (1948). ‘Zmiana i Sprzecznosc (Change and Contradiction), Myst Wspolezesna 
(7-8), 35; reprinted in his Jezyk i Peznanie (Language and Cognition), Vol. 1: ‘Selected Papers (1g20- 1939)’ (1960), 
Vol. 2: ‘Selected Papers (1945-1963) (1965). Panstwowe Wydawnictwo Naukowe, Warsaw. 

ALBERTUS M acn us (1517). De Vegetalibus et Plantis. See WE1SHEIPL (1980). 

ALVARES, CLAUDE (1980). Homo Faber — Technology and Culture in India, China and the West from 1500 to the Present Day. 
Martinus Nijhoff, The Hague. 

AnosTRem, A. J. (1868). Recherches sur le spectre solaire. W. Schultz, Uppsala. 

ANON. (1962). Chinese Therapeutical Methods of Acupuncture and Moxibustion. Foreign Languages Press, Peking. An 
authoritative statement prepared by the National Academy and Research Institute of Traditional Medicine 
in Peking. 

Anon. (1972). How Things Werk: The Universal Encyclopedia of Machines. 2 vols. Granada, in Paladin Books, London, 
1967; German eriginal 1963; repr. 1972. 

Anon. (1974). Genetics and the Quality of Life’, Study Encounter, 10 (1); Study Encounter Report no. 53. WCC, 160 Route 
de Ferney, Geneva, 20, 1. 

ANON. (1975). ‘International News (re Berg Conference at Asilomar), N, 254, 6. 

Appucetus, Lucius (c. +15th cent., ascribed). De Herbarum Virtutibus. Rome, c. +1480. 

ARBER, A, (1912). Herbals. their Origin and Evolution: A Chapter in the Historyof Botany, 1470 to 1670. Cambridge University 
Press, 2nd ed. 1938; repr. 1953, 1986. 


Bacon, Francis (162@). /nstauratio ALagna [Sive] Novuri Organem, Lib. I. IL and the Parasceve ad historiam naturalem et 
experimentatem. Joannes Billius, London. 

Baitey, ANNE M. & Ltopera, Josep R. (cds. (1981). The Asiatic Mode ef Production. Routledge and Kegan Paul, 
London, Boston and Henley. 

Baxazs, E. (1965). Political Theory and Administrative Realty in Traditional China. SOAS, London. 

Bau, J. DYER (1904). Things Chinese or Notes Connected with China, Murray, London. 

BaraToux, J. (1942). Préces elémentaire d’acuponclure; avec repérage anatomique des points et leurs applications théra peutiques. Le 
François, Paris. 

BARRETT, T. (1998). Needham Research Institute Newsletter, no. 17, December. 

BasaLta, GeerGE (1988). The Evolution of Technology. Cambridge University Press. 

BAUDELAIRE, Cuari.es (1857). ‘L’Albatros’, Les Fleurs du mal: The Complete Text of the Flowers of Evil, in a new 
translation by Richard Howerd. Harvester, Brighton, 1982. 

Baver, WOLFGANG (1966). ‘The Encyclopaedia in China’, 7IVH, 9, 667. 

BayLin, J. tv (1929). Extraitsdes Carnets de Lin King [Wanyen Lin-Chhing}; Sites de Pekin et des environs vus par un lettré chinois. 
Lim. ech., Nachbaur, Peiping. Reproduction of 26 illustrations and descriptions frem the Hung Hsueh Yin luan 
Thu Shuo. 

Beate, Lionet L. (1878). The Microscope and its Application to Clinical Medicine. Highley’s Library of Science and Art, 
London, 1st ed. 1854; 4th ed. 1878. 

Beau, G. (1965). Le Médecine chinoise. Editions du Seuil, Paris. (Le Rayon de la Science serics, no. 23.) 

Benini, Sirvie A. (1994). The Trail of Time — Time Measurement with Incense n East Asia. Cambridge University Press. 

Beer, A. ed. (1955). Vestas of Astronom y. (Stratton Presentation Volume) Pergamon, London. 

Beer, A., Ho Pinc-Yu, Lu Gwei-Dyen, NEEDHAM, Joseru, PULLEYBANK, E. G. & Tuompson, 
G. I. (1964). ‘An Eighth-Century Meridian Line: [-Hsing’s Chain of Gnomons and the Pre-History of the Metric 
System’, FA, 4, 3- 

Bren, Joun (1968). Blakes Humanism, Barnes & Noble, New York; Manchester University Press, Manchester. 

Benner, A. A. (1967). John Fryer: The Introduction of Western Science and Technology inttoNineteenth Century China. Harvard 
University Press. Cambridge, Mass. (East Asian Monograph no, 24.) 

Bentiey, G. E. (1963). Vala, or the Four Zoas, Clarendon, Oxford. 

BERNIER, FRANGO!S (1909). Bernier’s Voyage to the East Indies: containing The History of the Late Revolution of the Empire of 
the Great Mogul; together with the most considerable passages for five years following in that Empire; in which is added A Letter to the 
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Lord Colbert, touching the extent of Hindustan, the Cireulation of the Gold und Silver of the world, te discharge itself there, as also 
the Riches, Forces and Justice of the Same, and the principal Cause of the Decay ef the States of Asia — with an Exact Description of 
Della and Agra; together with (1) Some Particulars and Customs of the Heathens of Hindustan, (2) The Emperor of Mogul's Voyage 
to the Kingdom of Kashmere, in 1664, called the Paradise of the Indies... Dass (for SPCK), Calcutta, 1909. [Substantially 
the same title-page as the editions of 1671 and 1672.] 

BETTLEHEIM, CHARLES (1975). ‘Economics and Ideology’, CVOM", 52, 9. 

Bevan, Eowyn Rowert (1940). Holy Images: An Inquiry into Idolatry and Image-Hership in Ancient Paganism and in 
Christianity. Allen & Unwin, London. 

BILLETER, J. F. etal. (1993). ‘Florilège des Notes du Ruisseau des Reves lengqi bitan) de Shen Gua (1031-1095)’, Etudes 
Asiatiques, 47 (3), 3897451- 

Bi..eTeR,,). F (2000). Chine: Trois fois muette. Altia, Paris. 

Bior, E. tr. (1851). Le Teheou-Li ou nites des Teheou. 3 vols. Imp. Nat., Paris. (Photographically reproduced, Wentienko. 
Peking, 1930.) 

Birixncucaie, Dela Firetechnia (1540). Sce Smitu & GNup1 (1959). 

Björk, Lars E. (1975). ‘An Experiment in Work Satisfaction’, SAM, 232 (3), 17- 

BLACKBURN, F. R. (1971). ‘Sensuous-Intellectual Complementarity in Science’, SC, 172, 1003. 

B1OFELD, Jonn (1965). The Book of Change. Allen and Unwin, London. 

BLOOM, ALFRED (1981). The Linguistic Shaping of Thought: A Study in the Impact of Language on Thinking in Clana and the 
Hest. Lawrence Erlbaum Associates, Hillsdale, NJ. 

BLUE, GREG ORY (1979). A Bricf Account of the 1931 Leningrad Conference on the Asiatic Mode of Production’. 
Unpublished paper prepared for the Social and Political Sciences Committee, University of Cambridge. 

Biunpey. C. & Ervty, M. (1998). A Cultural Atlasof China. Phaidon, Oxford, 1983; rev. ed., Facts on File, New York. 
1998. 

BODMER, FREDERICK (1944). The Loom of Language: A Gude to Foreign Languages for the Home Student, ed. and arranged 
by Lancelot Hogben 2nd imp. Allen & Unwin, London. (Primers for the Age of Plenty no. 3.) 

Boym, MicnaeL (1656). Flora Sinensis. Fructus Floresque humillime porrigens serenissimo ac potentissimo Principi, ac Domino 
Leopoldo Ignatio, Hungariae Regi florentissimo, etc. Fructus saeculo promittenti Augustissimos, emissa in publicum a R. P Michaele 
Boym Societatis Iesu Sacerdote, et a domo professa ejusdem Societatis Viennae Majestati Suae una cum Jaelicissimi Anni apprecatione 
oblata Anno Salutis WDCLV1. Richter, Vienna. 1656; repr. in M. Thevenot’s Vayages, vol. 2. Langlois, Paris, 1730. 

Branpt, C., Scuwartz, B. & Fairsank, J. K. (1952). A Documentary History of Chinese Cortmunism. Harvard 
University Press, Cambridge, Mass. 

Bray, Francesca (1979). ‘The Evolution of the Mouldboard Plough in China’, TT, 3 (4), 227-40. 

Bray, FRANCESCA (1984). Seence and Civilisation in China, Vol. 6, pt. 2: Agriculture. Cambridge University Press. 

Bray, Francesca (1986). The Rice Economies. Technolegy and Development in Asian Societies. Blackwell, Oxford. 
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GENERAL II 





Note: Alphabetical arrangement is word by word. For Chinese words, chl-, hs- and ss- follow normal sequence; ü is 
treated as u; ¢ as ¢. Bold page numbers refer to tables and lists; italics refer to illustrations. 


abstract concepts 55 
in Indo-European languages 154 
abstractions, measurement of 108 


academies (shu-yuan), Southern Sung dynasty xxvii 
Academy of Current Events (Hunan +1897) 190, 198 


Accademia dei Lincei xlii 
acceleration, notion of xxvii 
accounting, European 63 
acoustics, of bells 203 
acupuncture 31, 37-9, 72 
acupuncture analgesia | 
and calculus of credulity 38 
European practitioners 37n 
and viscero-cutaneous reflexes 73 
Adanson, Michel 35 
Aethclmaer of Malmesbury (+1tth cent., monk) 
glider 225 
Agassi, J. 22n 
Agricultural Revolution, European 21 
agriculture 
as basis of Chinese society 47, 92. 2040 
government promotion of 5è 
inventions 225 
labour immobility 61 
use of human excreta as fertiliser 93 
wet-rice cultivation 21, 58, 216 
Albertus Magnus (e. +1200-1280, natural 
philosopher) 186 
alchemy xlii, 40n, 81, t4on, 147 
Arabic 41 
terminological problems 32 
transition to chemistry 185 
alcohol, discovery of 41 
Alexandria 
aurificers of 40 
mathematicians 183 
algebra 
Chinese 25, 210, 228 
modular i 
algebraic notation xxvii, 34 
alkaloids 35 
Rauwolfia 39 
amateurism 88 
Amsterdam slvii, 211 
An Kuk-Rin (+18th cent., Korean 
official) 29n 
anaesthesia 35 
anatomy 36 
angles, measurement of 172, 184, 210 
Angström, Anders 112 
animal, as abstract concept 1540 





<1 


animals 
domestication of 215 
Liu Wen-Thai’s classification 141 
Shao Yung’s classification 134-6 
antibiotics 35 
antiseptic surgery 35 
Apollonius of Perga (¢.-225, mathematician) 172 
Apuleius Platonicus (c. +5th cent.), De Herbarum 
Virtutibus 159 
Arab world 
bureaucratic feudalism in xlvii 
relations with Europe 63 
Arabic knowledge 
alchemy 41 
influence on Merton scholars 189 
natural history 18 
translation of texts into Latin 190 
archaeology 203 
Sinkiang province 213n 
Archimedes, and volume of sphere 181 
area, and volume 175-6 
aristocracy 
Chinese 50, 51 
in Europc xl, 9, 52 
see also military-aristocratic feudalism 
Aristotelian logic 152 
Aristotle 157, 183 
anthmetic of fractions xxxiii 
armour, defensive 10 
Arnald of Villanova (+13th cent.) 189 
artificial intelligence 82 
artisans 
education in vernacular languages 187, 231 


relations with educated classes 63, 163, 187, 231 
role in development of modern science 3, 17, 19 


social status of 53 
Asiatic mode of production (Marxist designation) 
12-13, 21211 
Asian scholars’ view of 19 
a-ssu-fa-lin (aspirin) 197 


5: 


8, 


aster (genus), problem of Chinese nomenclature 151-2 


astronomical tables (‘calendars’) 18 
astronomy 
celestial mechanics and dynamics 27, 27 
cultural differences 25-7 
equatorial co-ordinates 20 
geometrical models 25 
meridian survey (+724—725) xlix, 18 
Ptolemaic planetary 24,34 
unified 27-30 
atmospheric pressure 63 


264. 
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atomism, Greek 80,227 

Auenbrugger, L. 35 

Aurangzeb (+17th cent., Mogul emperor) 5 
auriticers 40, gon 

axial, term 169 


Babylonia 45,226 
ecliptic circle 184, 210 
Bacon, Francis 19, 74, 89, 89n, 92 
Novum Organum 204 
Bacon, Roger (c. 1214—1292, natural philosopher) xlii 
bacteriology 35, 39 
balloons, hot air 225 
banclits 59, 61 
banks and banking 
European 63 
Shansi drafi banks xxix, 59 
Beatus Libaniensis (+8th cent., encyclopaedist) 74 
Bell, Sir Charles 35 
Bell. John, Scottish physician (f. 1721) xlix 
Bernier, François 5,5n 
Billeter, Jean-François xai, xin 
‘billion’, use of 115, 11911 
bio-chemistry 207 
biology, Shao Yung’s classification 134-6 
Biton (—3rd cent.) on gastraphetes 16.40 
Black Death 230, 231 
Blake, William 76 
blood, circulation of 72 
Bluc, Gregory xxvi 
Boer War, enteric fever 36 
Book of Changes xxxiii, xxxiv 
books 
printed in vernacular 190,230 
see also printing 
Boolean logic xxxi 
Borneo 215 
botany 30 
Bretschneider’s work on (+1882) 95 
Chinese classifications 104, 134, 141 
differentiation 146 
Gerard’s Herbal 142-3 
knowledge of plant species 74 
Kuan Tzu treatise 110-12 
levels of specificity 122 
Li Shih-Chen’s classification 143 
Linnaean nomenclature 40, 150, 151-2 
modern international hierarchical expressions 
149-50 
technical terms 32 
transcurrent point 35 
bourgcoisi¢ 
and city-states 210 
and development of capitalism 229 
rise of European xl, xiv xlvi, 17n, 209, 211, 229 
see also middle class 
Boym, Michael, Flora Sinensis 30 
Brahe, ‘lycho (+1546-1601, astronomer) 34 
Bray, Francesca xliv 
on agriculture 21 
breeding, as metaphor 147 


Bretschneider, Emil 30. 95 
Bronze Age 47, 2130 
brown 13n 
Brown, Sir William (+1692-1774) 11n 
Brunel, Isambard Kingdom 224n 
Buddhism 79,80 
and ethics of nuclear physics 84 
bullion, imported Spanish-American 58 
bullion theory ofmeney 56,57 
Burcau of Historiography 49 
bureaucracy 
administration of 48-9 
assessment of revenues 107, 124m, 174 
breadth of 43 
aud centralised state apparatus 8, 47, 231 
lack of adequate technical support 49 
in medieval Europe 9 
modern humanisation of 14 
place in Chinese life xlviii, 44 
prestige of 12, 53 
utilisation of science 54, 228 
see also civil service; mandarinate 
‘bureaucratic feudalism’ xxx, xlv—xivi, 212 
application to other societies 13 
durability of 208 
as ‘hydraulic society’ (Wittfogel) 14 
influence on science xlix, 9, 14, 17-18, 212 
as Marx’s ‘Asiatic mode of production’ 12-13 
principle of non-interference 16, 18 
Burtt, Edwin E. 202n 
Bury, J. B. 19 
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calendars 14,74,227 
astronomical tables 18, 228 
Cambodia, evolution of zero 228 
Camcerarius, Joachim (+17th cent., botanist) 30, 35 
canals 5, 45 
Canton Register 193 
Capital investment, discouraged 52, 61 
capitalism 
and advantages of imbalance 66 
connection with modern science xlv, xlvi, 22, 60, 
251 
constraintson 208 
industrial xlvi, 211 
mercantile xlvi, 211 
and modern moncy economy 55 
and paper currency 56 
riscof 3, 16, 54 
carriages, decorum required of those who ride in 96 
cartography, quantitative 20 
cartwheels, north European design 213n 
Gassini, Giovanni Domenico 29 
castiron 20, 34 
Cavalicri’s Theorem 175, 176 
cave art 215 
Caventou, J. B. 35 
centralisation 
bureaucratic 8, 47,231 
defence 5 
fiscal system 52 
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centralisation (cout.) 
geographical factors 44-6 
political 43 
ceramics, nomenclature of glazes 113 
chang (draw the bow) 169 
Chang Heng (+2nd cent., astronomer, poet, designer of 
seismoscopc) 34 
Chang Kwang-Chih 201 
Chang Po-Hsing (+1707 —1710, governor of Fukien) 1go 
Chang Tsai, (+ nth cent.), Hsi Ming g2n 
chao (million) 115-18 
Chase, Stuart 87n 
chattel-slavery 3, 227 
check lists 123, 143 
Chekiang, mincs 61 
chemical analysis 141 
chemistry l, 40-2 
atomic theory 41 
expression ofhierarchiesin 149 
iatro-chemistry 41, 54 
medicval Chinesc, terminological problems 32 
modern 197 
Chemla, Karine xxxi, 172n 
cheng (betting on three numbers) xxxv 
Cheng Fu-Kuang, drawing ofsteamship 191 
Cheng Ho, Admiral ( f. +14@5~-1433) xlix, 229 
chhai (side) 110n 
chhang-shan (anti-malarial) 39 
Chhao Yüan-Fang, classification of discasc (+610) 31 
chhe(vehicle) 121-2 
chhen (fraction) 119 
Chhen Pang-Hsien, Professor 33 
Chhen Pao-Chen (+1831-1900), governor ofHunan 189 
Chheng Ming-'Tao (d. +1085, Neo-Confucian 
thinker) g2n 
chhi (block) 176 
Chhi Min Yao Shu agricultural text 102 
chhi (pneuma) 86, 147 
condensation of (to form human beings) 103 
theory of circulation of 72 
chhi(ritual utensils) 153 
Chhi-tan tribe 47 
chhien (thousand) 18 
Chhien Tshun-Hsiin, see Tsien Tsuen-Hsuin 
Chinen Tzu \Wen (+6th cent.) “Thousand Character 
Classic’ 104 
Chhien Wen-Yiian 20n 
chhien-tu (prism) 175 
chhin (human relationships) 153 
Chhin Shih HuangTi (—221 to -210, First Emperor) 49, 
49n, 210n 
chiung, to define colour 142. 183, 184 
chhang (Sensitivities) 134 
Chhing dynasty (+1644-1911) 2121 
Manchu invasion 46 
private enterprise under xxix 
Chhing-chon, province 106, 707, 108 
chhing-tshuag (onion sprout green) 114 
chhiu (mounds) 153 
chhu (domesticated animals) 
chhu-meng (wedge) 175 
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chhu, to convey ‘series’ 144 
chhung (insects) 153, 154n 
chi chhe (wheclbarrow) 96 
chi hung (sky-clearing red) 113 
chi (volume, area) 175, 176, 177 
Chi-chou, province 106, 707, 108 
chies (betting on two numbers) xxxv 
chiae (blending) 130 
chiae (musical note) 179 
chao tzu paper currency 56 
Chiao-hui hsin-pao (Shanghai Afissien News) £93, 19.4 
chieh (world) 146n 
chien (arrow, plough-sheath) 168, 170 
chien tu shih (provincial governors) 49 
chih (musical note) 179 
chih (solstices) 32 
Chih Tu (-1st cent., military commander) 104 
Chih Vu Ming Shii Thu Khao (Mustrated Investigation of 
the Names and Natures of Plants) (+1848) 30 
chih yung ( for use) 131 
chih-chiich (plants which react to contact) 158 
chih-wu (growing things) 155 
Childe, V. Gordon 2 
chin (gold) 41n 
chn i (gold juice) 4m 
chin (metal) 149n, 157 
China 
arrival of steam engine in 1gI-2 
assimilation of peripheral tribes 47 
co-operative mentality 88 
communist revolution (+1949) 206 
early state organisation 8 
early unification 44,46-7, 49n 
empire xxixn 
future prospects 65-6 
geography 1-2, 43 
homoeostasis in 20,53, 204 
ideologica] anti-commercialism 60, 231 
intellectual life 184 
inventions and discoveries (alphabetical list) 212, 215, 
217-24 
modcrnisation of 86n, 195, 197, 206 
nature of towns and cities in xlvii, 8, 212 
People’s Republic of, historical continuity 43 
political revolution (+1911) 206 
social and economic background 88, 225, 226-7, 231 
view of material-spirit dichotomy 54, 85-7 
see also bureaucracy; State 
Chinese civilisation 200 
archaeology of 203 
origins of 44 
Western study of 203 
Chinese language 
calls for simplification of 192 
and classification 121 
compound terms 137n 
and concept of series 144 
describing colour 112, 113 
determinative-phonetic characters #58 
effect of printing on 188 
expression of comparison 105 





t2, 215, 


HJ. 231 





expression of hicrarchies 146n, 149 
expression of opposed concepts 108 
function of word defined 171 
levels of complexity 190 
and Linnaean botanical nomenclature 156, 151-2 
and literacy 190 
mathematical terms 171, 172, 175, 183 
pronunciation xxviii 
simplification of characters 205 
specification in 121 
spoken (phu-thung-hua) 188, 198 
terms for decimal fractions 119-20 
terms for large numbers 115-18 
terms for new concepts 102, 196 
transition to ‘clear speech’ (bai hua) 190, 198 
use of phin-yin (pinyin) romanisation 205 
Wade-Giles system 205 
see alse Chinese, Literary; translation; words; writing 
Chinese, Literary: 
adaptation for purpose of scientific terminology 185, 
195; 197 
death of 198 
technical terms 95 
uses of ambiguity 99 
Chinese Medical Journal 36 
Chinese science 24, 54, 69-73 
absence of idea of proof in xxxi-xxxii, 210, 210n 
end point of development (+1700) xlix 
intended to benefit people 176 
modern analysis of “Needham problem’ xxvi-xxxii 
pernod of greatest invention 74, 226n 
transition to modern science 189, 206 
transmitted to West 214 
weakness of theory 208 
see also fusion points; transcurrent points 
Chinese Science (East Asian Science, Technology, and 
Medicine) xxxvii 
ching, meanings of 98 
Ching Poo (Peking Gazette) 193 
ching (rest) 128 
Ching Shih (History of @ptick Glasses) (+1660) 30 
Chang Shih Chih Yao (Important Principles in the 
Cosmological Chronology) (S. Sung) 128n 
Ching-chou, province 107, 108 
Chiu Chang Suan Shu book on mathematics 
(c.-Ist cent.) 109, 118, 119, 174, 178, 180 
Problem 23 (chapter 4) 175, 177 
Chiu Chang Suan Shu (Liu Hui’s mathematical procedures) 
(+3rd cent.) xxxi 
Chou Pi Suan Ching astronomical and mathematical 
treatise (c. Ist cent.) 109, 177, 179 
Christianity: 
anti-idolatry in 79,93n 
Eastern Orthodox 93n 
exploitation of Nature 93n 
see also Protestantism 
Chu Chung-Yu (+13th cent.) xxxix 
chu (concretion) 130 
Chu Hsi (+113@--1200), philosophy of organism 158 
Chu Phu botanical treatise on bamboo 
(+5th cent.) 104 


Se 
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Chu Ping Yitan Hou Lun (Systematic Treatise on Diseases 
and their Aetiology) (+607) 31 
chi (settlement, dwelling) 98 
Chu Ti-Wen, Nobel Prize winner 206n 
Chu Tsai-Yii (+16th cent.), mathematician and 
musicologist 120 
Chuang Hsaio-Hui 207 
Chuang-tzu (—4th cent, philospher) xxvi 
chiin-li (army power) 1031 
chung, chung-li (weight, gravity) 102 
chung (class, kind) 146 
chung (middle) 106 
chung phin (middle grade) 1450 
chung thu (middle soils) 111 
chung thung chhao paper currency 56 
Church, failure as human institution in Asia 73 
Cicero 1540 
circle, division into degrees 184, 210 
circulation, Chinese theorics of 72 
city-states 63, 210, 212, 229 
and merchants xlvii, 8n, 52, 210 
and military-aristocratic feudalism 211 
civil service 9,52 
examinations xlvi, 9, 198, 227 
and scientific research 18 
tendency towards peculation 48, 59 
Clagett, Marshall 202n 
class, in scientific classification 145n, 146n 
class, social 2 
effect of literacy on (Europe) 63 
and non-hereditary bureaucracy 20,51 
relations between artisans and intellectuals 163, 187, 
231 
see also bourgeoisie; merchants; middle class; peasant 
farmers; scholar-gentry 
classification 226 
Chinese botanical 104 
and Chinese determinative-phonetic 
characters 158 
of colour 112-14 
dendritic system 125 
development of 140, 144, 158 
and forma! logic 89 
hierarchical 140, 145n, 148, 158 
in Aran Tzu treatise 110-12 
levels of specification 121-7 
and objectives ofnetworks 125n, 155 
phylogenetic 138 
pigeon-holing systems 125 
selection of criteria 125n, 128, 139 
Shao Yung’s contribution to 127—4on 
subdivisions 138, 139 
use of scales 105 
see also botany 
climate 45-6 
and line of Great Wall 46 
clinical medicine 35 
clock, mechanical 14, 20, 24, 69, 70 
astronomical 213 
escapements 20n, 73N, 21311 
see also horology 


iit = it... 8 


> a sa 


rpa ë an «2. eas 





268 GENERAL INDEX 


clockwork 74 

hydro-mechanical 60,69 
cloning 83 
clouds, classification of 136 
coal, open seam (Britain) 63 
Cobbett, William 231 
Cedex Parisinus inter supplementa Graeca (+1450) 159 
Cohen, Bernard xxviii 
Cohen, Floris xxvn, xxvi 
coins 

bronze 55. 56 

cast not minted 56n 

games XXXIV, XXXV 
colour(s) 

blues 114 

ceramic glazes 113 

classification of 112-14 

dyes 113 

greens 112, 114 

huc, value and chroma 113 

reds 113 

wavelengths 112 
commercial law, absence of 57 
commonwealth, concept of 51n 
communalism, primitive 2, 12 
Communism 65, 206 

people’s communes (+1958—1979) 6n 
compass, magnetic 73n, 74,229 

incenuve to European exploration 53 
compassion, and knowledge-power 94 
competitive individualism 88 
compctitiveness 53n, 60n, 6m 
complementarity, concept of 76 
computers 82 
Confucian bureaucracy, and science xlix, 17n, 227 
Confucianism 47, 85, 85n 

rule of 9, 15 
Confucius, and valuc of verse 103 
connecting-rod assembly 34, 71 
Constantinople, fall of (+1453) 18g, 191 
Copernican theory 34 
Copernicus, Nicholas 55, 128n 

treatise on money 55 
Corsalis, Andreas 2 
Corvisart, J. N. 35 
cosmic order, as impersonal force gı 
cotton industry, British 63 
cotton-weaving 58 

Indian art of 213n 
Cratevus (—ist cent., writes herbal) 15@n 
Creator 

messengers of (in Western thought) 129 

unknown to Chinese thought g1, 129 
credit 

and commercial law 57 

government deficit financing 61 

moncy economy dependent on 55 

private xxix, 58, 62 
credit institutions, pawn shops as 57 
Crombie, Alistair xxvi, 23n 

‘styles of scientific thinking’ xxvii-xxviii, xxxi 


crop failure, regularity of 45 
crossbow 10, 77 
cubes 182-3 
Cullen, Christopher xliii 
culture 2 
and modern counter-culture 68,73. 74-5, 8: 
and science 67, 78 
unified national 44 
Curic, Pierre and Maric 35 
curiosity 226 
currency 
bronze coins 55, 36 


fabrics and precious metals as media of exchange 56 


five-shu money 55 

paper § 5, 56-7 

tacl (silver ingot) 57n 

unminted silver as 57 
customs duties, inland (fur) 58 
Cuvier, L. C. 152 


d'Acqui, Iacopo 15n 

Dalton, John, atomic theery 41 

Darwin, Erasmus, The Botanic Garden 104 

day and night 133 

Bélidor, Bernard Forest de (+ 1693-1761, French 
engineer) xxxii 

Be Distillatiene (Ross) 186n 

De Herbarium Virtutibus (+5th cent.) 159 


De Revolutionibus Orbium Coelestium (Copernicus) (1543) 55 


decision-making, flexibility in 66 
defence, centralised organisation of 5 
definition, in science 96 
deforestation 92 
Della Porta, Giovanni Battista (+1543-1615, natural 
philosopher) xhi, 30 
democracy, growth of 18g 
Bemocritus (c. ~460 to -370, philosopher) 80 
Descartes, René (+159@ 1650, philosopher) 150 
description 
of colour 112, 113, 114 
defective 164-5, 185 
methodical 162, 166 
of shape 167 
dew 133 
Dichroa febrifuga (anti-malarial) 39 
dictionaries 203, 228 
Digges, Leonard (c. 1520-c. 1559, astronomer and 
mathematician) 30 
Dinwiddic, Dr 36 
Dionysius the Pscude-Areepagite (fl. +500, mystical 
theologian) 144 
discoveries 
definition 224n 
and inventions (alphabetical list) 215, 217-24 
in medicine 35-6 
method of 211 
‘disenchantment’ xl 
disputation, logical 210n, 226 


‘distance’, adaptation of term for modern science 108 


divination, and / Ching 127n 
DNA (deoxyribonucicic acid) 82 





43) 55 


£ 109 
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Domagk, G. 35 

drainage xxxvil 

Drcbbel, Cornelius (+1572-1633, 
inventor/technologist) 30 

dry cross-dykes xxxix 

Duhem, Pierre 202n 

Dunn, S. P 12 

dyes, and colour terminology 113 


Eamon, William xli-xlii 
Earth, born of rest 128, 130 
East Indics, astronomical expedition to xlix 
ecology (occology) 34 
economic growth, and trade 66 
economy 
resistance to diversification 53 
Sung dynasty xh 
see also money economy 
education 
Chinese 227 
eflect of newspapers on 193 
and examination system 227 
reform of 66 
in vernacular languages 187, 189. 230 
Eggleston, Sir Frank xlix 
Egypt, ancient 45, 48, 148, 1481. 213, 217 
Eisenstein, Mlizabcth L. 230 
‘elasticity’, new concept 1091 
electricity 65n 
application of 65 
elemental forces 
in Greek philosophy 131 
see also Five Elements theory 
Elvin, M. xxx 
Emperor 
power of 15,48,52 
and ritual ton 
Empson, William too 
encyclopacdias 18, 228 
energctics 65 
enginecring 
industrial 65 
introduction to China (+19th cent.) 192 
military 164 
English language 
ambiguity in toon 
compound terms 137n 
describing colour 112, t14 
expression ofabstracts (or classification 154m 
residual inflections 101 
specification in 121 
and terms of hierarchical] classification £45n 
ephedrine 39 
Epicurus (¢. -341 to —271, philosopher) 80 
equatorial astronomy 20 
Eratosthenes (-3rd cent., Alexandrian librarian and 
astronomer) 228 
Erh Ya (The Literary Expositor) (~3rd cent., 
thesaurus) 134-6, 152-3, 156 
compared with Pen Tshao Kang Mu 150 
Erh-hai lake (Ytinnan) xxxviii 


ethics 
immanence of Chinese 84-5 
and modernscientific dilemmas 81-4 
Euclid (c. -325 10 -265, mathematician) 183, 231 
Euclidcan-Hilbertian proof xxxi 
Europe 
Dark Ages 74 
dramatic effects ofinventions on 53 
exceptionalism of 208-9 
external causes xxxiii 
geographical comparison with China 1-2, 63,229 
government credit 61 
influence of Chinese science in 2¢ 
inherent social instability 20,53 
maritime commerce 1 
medieval religion and theology 77 
rise of capitalism xlvi, 63-5. 208 
and rise of modern science 208-9 
vernacular languages 188 
see also France; Great Britain 
European Enlightenment sl 
European science 54. 208-9 
acceleration (after +1600) xxviii, xl 
industrial application of 63-5 
see also modern science 
evolution, concept of 156 
Evolution, Theory of 136, 144 
examination system xlvi, 9, (98, 227 
exchange, media of 
fabric and precious metals 56 
unminted silver 57 
see also currency 
expeditions 
astronomical xlix, 18 
Chinese exploratory xlix, 229 
European exploratory 53 
experiment 
in medicval China 17 
in modern science xlvi, 81. 203, 211 
experimental style of scientific thinking xxviii, xxxi, 
226 


Ja tien tzu (armature) 122n 

factory system 60 

family, in scientific classification 146n 

{amily trec, prototype hicrarchical classification 145n, 
147 

famine 45 

and internecine wars 46 

fan (alum) 32 

Jan (betting on single number) xxxv 

Fan che Tao chih tung (returning is the characteristic 
motion of the Tao) 91 

fan chim wet (rumen) 32 

Jan-than (game) xxxiv, xxxv 

fang-chhe (wheelbarrow) 1220 

Jang-chui (pyramid, lit. ‘square aw?) 173n, 175 

fashion x! 

Fedele, Fortunato (+1550-1630, writer ou forensic 
medicine) 31 

fei chhien Alying money’) 55 
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Jet, locomotion through air 134 
in compound terms 137n 
Sei-fa (volitic fliers) 132 
feminine forces, in Chinese thought 17, 94 
fen (cquinoxes) 32 
Jen (fraction) 119 
Jeng shui 93 
Feng Yu-Lan go, 2040 
Fermented Beverages Authority (Han dynasty) 8 
feudal principalities 44, 47 
feudalism 
collapse of European xlv 
use of term 5n 
see also ‘bureaucratic feudalism’; military-aristocratic 
feudalism 
Feyerabend, P xxxi 
Filial Piety Classic (Hsiao Ching) 99 
Fire 130 
hydrotic and geotic 131 
fire, human use of 215 
fiscal system, centralised 52 
Fitzherbert, John, Boke of Husbandry (+1523) 161-5 
Five Elements theory 41, 80, 127n, 156 
compared with tour Embodiments 131 
flexibility 
in decision-making 66 
in thinking go 
flight, inventions concerned with 225 
flood control xxxvii 
flood protection 5, 45 
floods 45, 46 
Florence xlvii, 211 
folklore, bureaucratic tides in xlviii, xlix 
forensic medicine 
early works on 49 
Hsi Yüan Lu handbooks 31, 49 
fossils, recognition of 229 
Four Embodiments (ssu Hn) 130-1 
usedby Liu Wen-Thai t40 
Four Manifestations (ssu Asiang) 13@ 
fractures, treatment of 36 
France 
back-formation of botanical terms 150 
scholarship on Chinese science xxvi, xxxvi 
translations at Fuchow Arsenal 194 
Francis, Saint (c. +1182-1226) 93 
freedom, individual 229 
Fryer. John 193, 198 
translation work by 194, 195, 197 
ju (seeds) 105n 
Fuchow Bockyard 192, 194 
fuel, industrial need for 63 
furnace bellows 72 
fusion points 25,28,40 
botany 30 
chemistry 41 
physical sciences 25-30 


Gabelentz, Georg von der 95 
Galen {+2nd cent. Greco-Roman physician) 


35n: 38 


Galileo Galilei (+1564-1642) xlii, xlvi 
astronomical discoveries 29, 34 
and beginnings of modern science 17, 24 
gambling 
coin games xxxiv 
probabilistic thinking xxxiii-xxxv, xxxvi 
Gaubil, Antoine (+18th cent., Jesuit) 27 
gazettes 193 
genealogies 147 
and transmission of power 148 
Genesis, Book of, language of 103 
genetic engineering 82n, 82-3 
Genoa xlvii, 211 
genus, in scientific classification 146, 146n 
geology 34 
geometry 
approximation of 7 178,179 
calculation of volume of sphere 174, 177-81 
in Chinese mathematics 25, 210n 
and concept of direction 183 
Euclidean 24, 34 
Greek vocabulary of 172, 183 
‘Tsu Keng-Chih’s conceptual reasoning 182-3 
vocabularies of 17 3, 17174 
George III, King of England 213n 
Georgius Agricola (+1494-1555, Writer on metallurgy 
and medicine) 64, 161 
Gerard, John, The Herbal or General History of Plants 
{+1577} 442, 142-3 
German states, use of Latin in 186 
Gerr, Stanley 
on Japanese language 167 
on language as tool for science 101, 104 
use of synthesis of opposed concepts 109 
Gimpel, J. 20n 
glass-making 186, 213 
go board, mathematical combinations xxxiii 
gold, generation of(alchemy) 148 
Geedman, David xxix, xxxi 
grading to6n, 106-8, 144, 145 
and comparison 105 
in Pen Tshao Ching 1450 
see also scales and scaling 
Graham, A. C. 187 
Granet, Marcel 125 
Grant, Edward xxvii 
gravity, term for concept of 102 
Great Britain 
annual revenues 62 
early modern banking 63 
effect of printing in 189 
Industrial Revolution in 63 
transition to modern science 189 
Great School (T hat-hstieh), Sung dynasty xxvii 
Great Wall 46 
Greece, ancient 
accumulation of knowledge 228 
artillery manuals 159 
astronomy 24 
atomism 80, 227 
city-states xlvii, 211 
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concept of proof tin Athenian law-courts) 181, 183, 
210 
desire for exact knowledge 176 
lyric poetry and alphabetic writing xxv 
measurement 114 
open discussion in public life 181, 184, 2100 
science 54, 63, 74 
Greek 
large numbers 115 
restoration ef classical textsin 95 
translation ef texts into Latin 190 
vocabulary of geometry 172, 183 
words with ranges of meaning 97 
Gresham's Law 55 
grey 1130 
Grosseteste, Robert (c. +1175-1253, Bishop of Lincoln, 
polymath) 95 
gunpowder 2@, 74. 204, 226 
impact on European feudalism 53. 2111n 
military use of 191 
Gutenberg, Jehannes (c. +3400-c. 1468. printer) 188 


Hai huo The Chih. gazette 191 
hai-wai overscas diaspora 65 
Haldane, J. B. S. togn 
Hail, A. R. 23n 
Hall, Bishop Robert xlvii 
Haller. Albrecht von 186 
han (cold) 32 
Han dynasty (-206 to +221) 15 
Han period 
aristocracy in 51 
independent theocracies 49 
movement towards money economy 57 
Han River 108 
Han tombs 203 
Hang-chou Bay xxxix 
hang-thi (stamped earth) 201 
Hanseatic League xlvii, 21t 
hao (fraction) 119 
hao (good) 105 
Harbsmeier. Christoph xlv 
harmony; as key word in Chinese thought g1 
harnesses. herse 20 
Harrington, James, The Common-wealth of Oceana 
(+1656) 5t 
Head Zones, nerve distribution 73 
heat and cold 133 
Heaven 
born of motion 128 
influence on living things 134 
interface with Earth 129. 131, 133-4 
heavens, study of 225 
hen (very) 105 
heng (crosswise) 182 
Heron (+1st cent.), Artillery Manual 164n 
Hessen, B. 22n 
hierarchical classification 
development of 140, 158 
in modern science 145n 
and transmission of power 148 


Hippocrates (—5th cent., physician) 38 
historical derivation, style of scientific thinking xxviii, 
xxxi 
ho chhe (river chariot) 32 
ho(growing grain) 175 
Ho Peng-Yoke xliii 
ho-kai (intermediate solid between cylinder and 
sphere) 
Hobbes, ‘Uhomas, Leviathan (+1660) 51n 
Honan Chheng Shih I Shu (+1168) 157 
Honan province 108 
Hopkins, Sir Frederick 35 
‘horizon’, origin of word 163 
‘horizontal’ 
in hterary Chinese 168 
use of term 162 
horology 54, 204, 204n 
horse harnesses 20 
hei thien (alter Heaven) 131 
Hsi Ming (c. +1066) g2n 


Hsi Kian Lu (The Washing Away of Wrongs) (+1247) 31. 


49 

Hsi- Yang khe-hsüeh (Western science) 73 

Hsi-le Chi (Jeurney to the West) (+16th cent) xlix 

hsia (lew) 106 

hsia phin 1450 

Asta thu (lower soils) 111 

Hsia Wei-Ying 144n 

hsia pii (low in relation to) 144 

hsiang (manifestation) 129n 

Hsiao Ching (Filial Piety Classic) 99 

Hsich Chao-Che, Fivefold Miscellany (+1608) xlii 

hsich chhi (external pneumata) 38 

Asien (fraction) 119 

hsten then (before Heaven) 131 

Hnsien-tai ti khe-hstieh (modern science) 74 

Hsin Fa Suan Shu (Jesuits? work on mathematical and 
calendrical science) (+1669) 74 

Asin (specificity) 157 

Hsing La Ta Chhiian Shu 128n, 13:2 

hsing (natural endowment) 157 

hsing (Nature, Form) 134 

hsing (star) 152 

Hsin-Tu Fang (f. +525) 4n 

Hsii-cheu, provinee 107, 108 

Hstin Chhing (-3rd cent., Cenfucian thinker) 157 

fsiin (moral instruction) 153 

hu (fraction) 119, izen 

Huai Nan Teu (-and cent) 92 

Huang Chi Ching Shih (Shao Yung) 1281, 132 

Huang Jen-Yü xlv, 231 

Huang ‘Ti Nei Ching (manual of corporeal medicine) 
(ist cent) 72 

huang-chung (musical note) 147n 

Hull; Toby xxix, xxxi 

hui hsing (comets) 32 

lmi kuan (rest-heuscs) 58 

human experience, relationship to science 76-7 

human moral values, centrality in Chinese culture 78, 
84 


human nature, as fundamentally good 
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human reproduction, modern advances in 82, 83 general headings 152 
huo chen (rocket) g6n memorable lists 153 
huo (fre) 14.9n, 156 published in gazettes 193 
Huo Lua Chhuan T hu Shuo (+1847) 191 requirement for hierarchical classification 152 
huo yas (gunpowder) 32 see also classification; indexes; pigeon-holing 
Huxley, Aldous, Brave New World 83 information revolution 231 
hydraulics innovation, application of inventions 54 
currents and sediments xxxviii-xxxix internal combustion engine 65 
flume xxxix interventionism, occidental 17 
force pump 64 intolerance, in Western religions 79 
rectangular-trough pallet-chain pumps xxxii inventions 
square-pallet chain-pump 60 application of 54 
theory and practice xxxvii- XXXIxX Bacon’s view of 204 
see also water works calegerisation of 22 
hypotheses dates of 224 
mathematisatien of xlvi, in, 202, 211, 230 definition of 224 
use of 202n, 226 and discoveries {alphabetical list) 215, 217-24 
hypothetical modelling xxviii, xxxi disparate social effects on Europe and China 53, 60-1 
tidal bore xxxix early human 215-17 
economic effects of 6e~1 
I Ching (Book of Changes) 55 lapsed 54. 
influence on Shao Yung 137n iron 
pigcon-holing system 125-7 castiron 20, 34 
í (infectious epidemic disease) 32 ‘nattonalisation’ of 8 
i liao (aspect) (or chih ping) 38 iron and steel preduction, Sung dynasties 60, 72 
i-chhien (‘NLind Money’ game) xxxv ivon-casting 17 
I-Hsing (//, +725, astronomer) xlix, 228 irrigation xxxvii, 5 
invention of escapement 69 Isidore of Seville (c. +560-636, encyclopaedist) 74 
i-li {moral concepts) 158 Islam 
iatro-chemistry 41, 54 anti-idolatry in 79 
Ideal Ruler 18 forcible conversion to 78n 
ideographic, use ofterm 440 idea of nature xlii 
ideology 43 Ttaly 
idolatry, western religions’ obsession with 79 city-states xivii 
illustrations 159, 167 early modern banking 63 
in Gerard’s Herbal 143 Greek manuscripts in 189 
immunology 35 silk industry 60 
indexes 203 worcls for large numbers 115 
lack of (in Chinese literature) 158 
India 208 Jami, Catherine 180n 
bureaucratic feudalism in xlvii Japan 208 
compared with Chinese homogeneity 47 acupuncture studies 37n 
Mohenjodaro culture 45, 217 Chinese influence in 47 
numerical system 119 government credit 61 
individual freedom 229 military-aristocratic feudalism 211 
individual privacy 82 nature of society xlvii, 15 
and cloning 84 pollution 93 
individualism, competitive 88 study of Chinese science xxxvii 
Indo-European languages Japanese language 167 
expression of opposed concepts as abstractions 108, jen (man) $1, 92n 
L54 jen wei {man made) 141 
‘loaded terms’ 108n Jenner, Edward 35 
new terms for modern science 108n Jesuit mission (+1583-177-4) 
see also English; Greek; Latin and Chinese botany 30 
Indus river 45 and Chinese science xxvi 
Industrial Revolution, Europea 21 and end point of Chinese science xlix. 25, 34 
industry introduction of European science to China 186, 188, 
mass-production 87 213 
modern relationships in 86 mathematics and calendrical science 74 
regional imbalance discouraged in China 53 translation work by 1990, 195 
infinity, concept of 27 and Western astronomy 34 


information, retrieval of 120, 152, 158 work on Korean astronomical screen 29 
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Jih (sun) 172n 
Johns, Adrian xxv, anan 
Johnson, 'l' homas, revision of Gerard's Herbal 
(+1633) 142 
joint-stock companies 63 
Joliot-Curie, J. F. and 1. 35 
Joseph, George Gheverghese 204n 
Jou (soft, lenity) 128 
Joyce, James 
Judaism 
anti-idolatry in 79,86 
domination of Nature 92 
judiciary, no independent 49, 65 
Julian of Norwich (+1342-c. 1416, mystic) 
77 
Juliana Anicia Codex, Vienna (+512) 
Jung-chi (capacity) 176 
Jurchen tribe 47 
justice, concept of 49, 85 


Kan Te (-41h cent., astronomer) 29 
kang (class) 147 
kang (hard, durity) 1:28 
Kang Teng 204n 
Kao Thing-Ho (f?. +1505) 
kao-liang (sorghum) 201 
Karlgren, Bernhard 192 
Keng Hsiin ( #. +593) 4n 
Kepler, Johann 22, 34 
kha fang (square reots) 32 
Khang Yu-Wei (+1856-1928) 195 
Khao Kung Chi (‘Artificers’ record’) (?—4th cent.) 
2e2n 
kho family) 146n 
Khou Tsung-Shih, Pen Tshao Yen I (+1119) 157 
Ahuang-we (minerals) 155 
Khubilai Khan, agriculture handbook 50 
khuei-i ("Tricky Estimate’ game) xxxv 
Khun-Lun Shan (great central mountain) 45 
Kiangnan Arsenal 41, 192. 194 
sales of books frem 195 
translation schoo! 194—6, 197 
kingdom. in scientific classification 1453n, 146n 
kites 225 
knowledge-power, and compassion 9.4 
Ko Chih Shu Yiian institution (Shanghai) 
4i 
ko-lo-fang (chloreform) 197 
Kögler, Ignatius 29 
Korca 
Chinese influence in 47 
Yi dynasty astrenomical screen 28, 29 
Koyré, Alexandre xxvi, 2021 
Krader, Lawrence 13 
ku (ancient sayings) 153 
Ku shen (Valley Spirit’) 94 
kua (hexagram) 127n 
kuan liae (wureaucracy) 15 
Kuan Tzu treatise on geo-botany (-3rd to 
and cent.) 110-12, 144 
‘Ti Yiian’ chapter (as check list) 123-5 
Avan Wu (‘Observation of Things’) 128n 


Kuan Yin Tzubook 85 

Kuhn, Dieter xxxvin, Xliv 

kung (artisans) 53 

kung jen (workman) 121 

kung (musical note) 179 

kung (palaces) 153 

Kung-chhan-tang (Communists) 65 

Kung-Sun Lung (—4th cent?, logician/dialectician) 
89 

Kuo Shih-Chiin (+ieth cent.) 40 

Kuo Shou-Ching (+13th cent., astronomer), Peking 
observatory 27 

Kuo-mint-tang period 49, 65 

Kwon Kun, Korean astrenomical screen 28, 29 


labour relative value of mental and manual 86 
labour marker 60 
immobility 61 
under-employment 59, 61 
labour power, use of 61 
labour services (corzée) 56 
use of statistical distribution xxxiv 
labour-saving devices 4, 4n, 55. 22 
and labour surpluses 61, 62 
Laënnec. R. 35 
Lamarck, J. B. 152 
lan (indigo blue) 114 
land reforms, 1940s 62 
land tenure 8 
dispossession 62 
rents 62 
landownership, limited 56, 5t 
language 
abbreviation and compression 102, 122 
adjectives 105 
as barrier to transmission ofideas 186 
expression of opposed concepts 108 
ideographic 44 
inflected ror 
and logic 89 
resistance to reform 186 
specificity of nouns 122 
spoken 188, 198 
to express comparison 105 
as tool for science 1¢1 
unifying 44, 47,49,227 
words with ranges of meaning 97 
see also Chinese; English; Greek; Latin; scientific 
language; technical terms; terminology; 
vernacular languages 
LArte Vetraria (+1612) 186n, 215 
Latakos, I. xxviii 
lateral, term 169 
Latin 50n, 185 
adaptation for purpose of scientific 
terminology 185-7 
and formation of botanical hierarchical terms 150n, 
185 
large numbers 115 
Pliny’s description of plough 159-60 
restoration of classical texts in 
andrise of vernacular 185, 187 
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Latin (cent.) 
spoken 1898 
translation into vernacular 19@ 
translations into 19@ 
vocabulary of geometry 172 
Lattimore, O. 46 
Laveran, C. L. A. 35 


Lavoisier, Antoine Laurent (+1743-1794, chemist) 41 


law 
Athenian concept of proof 181 
civil contractual 43 
codes of 48 
commercial 57 
criminal 57n 
Roman concept of 49, 22 
law and order, problem of 59 
Legalism 47, 85, 85 
lei (categery) 146n 
Lei Ssu Ching (A Classic of the Plough) (+880) 165 
Li Cheng-1'ao (T. D. Lee), Nobet Prize winner 206 
Lt Chi (Record of Rites) 96 
precision in meaning (example) 99 
Li Chih-Tsao 208n 
li (dysentery) 32 
li (fraction) 119 
Li Hung-Chang (+1823-196@1), and school of 
translation 19.4 
li (pattern) 157 
li {pottery tripod) 2e1 
Li Shih-Chen (+1518-1593) 1340, 1440 
botanical classification 143. 146 
Pen Tshao hang Mu (+1596) 156 
Li Yeh (+1178-1265, algebraist) 172n 
Li Yüan-Che (Lee Yuan-Lseh), Nobel 
Prize winner 206 
h-fang (cube) 176, 178 
li-yiian (sphere) 176 
Liang Chhi-Chhao (+1873-1929) 195 
liang hsin (justice) 85 
Liang Ling-Tsan (ff. +725) 69 
Liang-chou, province 107, 108 
lihraries 96, 228 
Liebig, Justus von 41 
likin (inland customs duties) 59 
Lin Tse-Hsü (+1785-1850, promotion of modern 
science) 192. 194 
lin-chung (musical note) 14.71 
Lindberg, David xxvi 
Linnaean botany 30 
linguistic revolution in nomenclature i5en 
Linnaeus, Carl 35 
use of Latin 186 
Lippershey, Hans (+ 1570-1619, lensmaker) 36 
Lister, Joseph 35 
iteracy 
in China tgo, 192 
popular 63 
universal 198 
Litcraty Revolution (+1917) 190, 198, 206 
Liu Chou (+6th cent.) 157 
Liu Tun xxvi 





Liu Hui (+3rd cent.) 120, 174 
commentaries on Chiu Chang Suan Shu xxxi, 175, 176 
inaccuracy in formula for volume of sphere 
180-1 
liu mang (thieves and swindlers) 59 
Liu Wen-Thai, Pen Tshao Phin Hui Ching Yao (+1505) 142, 
146--1 
Lloyd, Sir Geoffrey xliii 
lo-kan hing (mule’s liver red) 114 
‘loaded terms’ 1608n 
Locke, John 202n 
Lodge, Oliver 86 
logarithms 34 
logic 
Aristotelian 152 
Dignaga 89n 
Greek xlvi. 211 
lack of fermal logic in Chinese culture 88-96 
Webster en 8gn 
London xlvii, 211 
London Gazette 193 
longitudinal motion, principles of 20.34, 72, 205, 2@5n 
Low, Morris xxv 
Loyang Chiteh-Lan Chi (Description of the Buddhist 
Temples and Monasteries in Loyang) (+547) 72n 
Lu Chia (/l. —196) ron 
lü(green) 114 
Lu Gwei-Djen xliii, xliv. 199 
Lu Kuei-Meng, Ler Ssu Ching (description of Chinese 
plough) (+880?) 165-71 
lü (pair of numbers) 
Lü Shh Chhun Chhiu (Master Li's Spring and Autumn 
Annals) (- 3rd cent.) 147n 
Lucretius 80 
Lung-shan neolithic people 45 
lyric poetry xxvi 


ma-fei hun g(horse’s lung red) 114 
Ma-Wang-Tui tombs 263 
Macartney, Dr Sir Halliday 194 
Macartney Embassy to China (+1793) 36, 206 
machinery, attitude to 162, 164 
Magendie, E 35 
magic 79 
m early medicine 38n 
natural xlii 
Magna Charta 5) 
magnetic compass 73n, 74,229 
incentive to European cxploration 53 
magnetic pelarity 17 
magnetic science 2@, 24 
magnetism 17 
malaria 35 
anti-malarial pharmaccuticals 39 
male and female 93 
linguistic specification 121 
man 
function within universe 92 
implicit in Zen Tshao Kang Wu encyclopaedia 156 
relationship with Nature gi 
Man tbe 47 
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managers 63,66 
Manchester Royal Infirmary 350 
Manchu (Chhing) dynasty, decline of 189 
Manchu invasion 46 
Manchus, assimilation of 47 
mandarinate 7, 9-10 
social status 53, 59 
‘mandate of Heaven’ (thien ming) 49 
mang thing (grave figurine) 95n 
manuals, ‘how-to-do-it’ xlii 
Mao Tse-l'ung 84n 
Marco Polo 1151n 
maritime trade, Europe 63 
Martiner D. M. P, Afanuel de Pathologie (+1826) 36n 
Marx, Karl, Grundrisse 13 
Marxist theory 
Asiatic mode of production 5, 12-13, 12121 
inapplicability of terms 15 
stages of development thesis 2, 13, 20 
masculine domination. in Western thought 93 
materialism, mechanical 79, 208 
materials, exact specification of xlvi, 211, 230 
mathematical engineering 82 
mathematical terminology 
Chinese 171, 172, 175 
Greek 172 
ratio 
Roman 172 
mathematics 
adoption oftechnical terms 163 
Arabic-European 63 
Chinese xxxi, xxxiii, 25, 20.40, 210 
and concept of proof xxxi, 109, 181 
modern international conventions 119 
practical applications for 174, 176 
relationship with music 177, 178 
see also algebra, geometry; measurement; numbering 
mathematisation 
of hypotheses about Nature xlvi, in, 202, 211, 230 
ofobservations xxxii, 17 
mathesis universalis xlvi, 211 
matter-spirit dichotomy 54, 85-7 
measurement 106, 114—151, 171 
ofabstractions 108 
accuracy of u4, 230 
ofangls 172, 184, 210 
instruments for 228 
lacking in Fitzherbert’s description of plough 164, 165 
in Lu Kuci-Meng’s description 167, 171 
mechanical materialism 79. 208 
mechanics 202n 
see also clock 
mechanisation 21 
Nledici, Lorenzo di 2 
medicine 
Chinese empirical experience 31,72 
co-operation but no fusion point 30-3, 36, 207 
healing power of body 38 
inventions and discoveries 225 
modern advances in 83-4, 207 
problems oficrminology 31, 32-3 


transcurrent point 35-6 
vis medicatrix naturae 38 
Western pioneers and discoveries 35-6 
see alse acupuncture; forensic medicine 
Mlei Piao (f. +806), Shih Yao Erh ta (dictionary of 
minerals and drugs) 32 
men (door, phylum) 146n 
Meng Chhang, governor of Kuang-tung 92 
Aleng Tzu book (Mencius) (-4th cent.) 92 
merchant guilds 8n, 9, 212n 
provision of rest-houses 58 
merchants, Chinese 
aspiration to mandarinate 12, 59, 60 
business risks to 59 
and city-states xlvii, 8n, 211 
limited influence of 51, 52 
liquid capital 58 
and local agents 58 
lowest social status 53, 231 
restraintson 44, 60 
success of 65 
travelling 
merchants, European xłvi, 8n, 229 
need for exact specification of materials 211, 230 
see also bourgeoisic; capitalism; city-states 
meridian survey (+724-725) xlix, 228 
Merton, R.K. 22n 
Merton college scholars xxviii, 95, 189 
Meru, Mt 45 
Mesopotamia 213, 217 
Metal, Shao Yung’s classification of 131 
metallurgy, inventions 225 
metaphor, use of 147, 161, 167 
Metius, James 30 
nu (rectangular area) 176 
Mi-chü River xxxvili-xxxix 
mi-lu(Pére David's deer) roin 
microscopes 29 
and botanical studies 30 
middle class, lack of Chinese 44, 52 
mien-chi (area) 176 
military commanders, status of (China) 8, 10 
military-aristocratic feudalism 
European xlv, 2, 52, 63 
and autonomy of city-states xlvii 
collapse of 209 
view of education 227 
non-European 211 
mincral, use ofterm 154 
mines 
abandoned 61 
draining of (Britain) 63 
private xxix 
Ming dynasty 25, 61, 21211 
aristocracy in 50, 51 
hierarchy of emperors 149 
movement towards money economy 57 
mnemonic verses 103 
Alo Ching (The Book of Master Mo), principles of 
mechanics 202n 
Mo Fi(-5th cent., utilitarian thinker) 85n 
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modern science 
chemistry 4t 
Chinese view of 73 
and concept of quantitative 63n, 171 
connection with capitalism xlv, xlvi, 22, 60, 211 
defined as mathematisation of hypotheses xlvi, 1, 
202, 211, 230 
ethical problems 81-4 
hierarchical classification in 145n 
necd for new terms 109n, 171 
oecumenism of 40, 42, 74, 207 
potential dangers of Gg 
reductionism of 79, 80 
rise of 24, 74, 209-10 
social theories of 3, 22-3, 209 
transition to 185, 189 
universalism of 81, 202 
see also European science; fusion points; transcurrent 
points 
Mohenjodaro culture (Indus) 45 
Mohism 85 
Mohists 
and termal logic xxxi, 89 
science and religion 47 
use of language 103 
Menete Cudende Ratio (Copernicus) 55 
money 
bullion theory of 56, 57 
Copernicus’s treaty on 55 
money economy 
incompatible with centralised bureaucracy 48 
modern requirements of 55,58 
periodic movements towards 57 
underdeveloped in China 35-7 
Mongol Empire, collapse of 230 
Mongol invasion 46 
Mongols, assimilation of 47 
monsoon 45 
Moon, in Shao Yung’s classification 130 
moral conduct, as aim of government 49 
Morant, Soulié de 37n 
Morgagni, G. B. 35 
mortgages $2 
motion 
longitudinal and rotary 20, 34, 71, 72, 205, 2051 
and rest, in Shao Yimg’s system 128, 128n 
see also fet 
mountain, concept of great central 45 
nu (order) 146n 
mu (trees) 104, 13.4, 153 
mu (wood) 1491n, 157 
music 
acoustics of bells 203 
musical scale 1471, 177, 178, 179 
relationship with mathematics 177, 178 
Muslim empire xxixn 


Nanking 205 
Nan-Kung Yiieh (+8th cent., Astrenomer Royal) xlix, 
228 


John 34 





Napi 


nation states, Europe 63 
National Academy and Research Institute of Chinese 
‘Traditional Medicine (Peking) 37n 
national debts 63 
National Institute of Medical Research 39 
nationalism, rise of :22 
natural histories, pharmaceutical 18 
natural phenomena 
early theories of (Shao Yung) 138 
inter-relatedness of 130 
natural resources, depletion of 92 
natural rights 44 
Nature 
Chinese view of 80, go-2 
cyclical movements in gt 
in [slamic tradition xlii 
reflection on 16 
scientific desacralisation of 79 
western attitudes to 92-3, 93n 
Natwe magazine xxv 
navigation, European 63 
Needham, Dorothy 199 
Needham, Joseph 
career 67-8 
limited modern appreciation of xxv-xxvi 
and Science and Civilisation in China project xxx, 
199-200 
‘soliloquy’ (Kenneth Robinson) 240 
‘Needham Problem’ xl-slii, 1, 207 
modern discussions of xxvi 
Needham Research Institute xliii 
neolithic peoples 45, 216 
characteristics of culture 201, 215,217 
Neri, Antonio, L'Arte Vetraria (+1612) 186n, 215 
Netherlands 
city-states xlvii, xlviii, 21 
origin of telescope 34 
networks 
and classification 125n, 155 
and inter-relatedness 130 
towns as nodes in xlvii, 8, 212 
neurephysiology 35 
Head Zones 37 
Newcomen, Thomas 63 
newspapers 193-4 
European 193 
introduced to China (+1827) 193 
language uscd in 193 
Newton, Isaac 97, 2021 
Prinapia xxviti-xxix, 186 
Nguyen van Nha 37n 
niao (birds) 153 
Nieh Yen-Fu 207 
nien (betting on two numbers) xxxv 
Nikiforov, V. N. 12 
Nine Provinces (ancicnt) 
Kuan Tzu classification of geo-botany 110-11 
listed 106, 107 
rated by altitude 108 
rated by revenues 107 
Nobel prizes 200 
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nomads, threat from 46 
nomenclature 
astronomical 28 
Linnaean 40, 150, 151-2 
ofshapes 175 
non-comparability, exceptions to XXNli- XXXVI 
Northern Sung, currency 55,56 
Northrop, E S. C. go 
nosphimeric bureaucratism xlvii-xlviii 
‘nothing-but-ism’ 79 
unknown in Chinese thought 86 
nouns 
in apposition 171 
levels of specificity 122 
nuclear power 82 
nüeh (fevers) 32 
numbering 106 
Chinese systems 115n, 46, 115-18 
counting large numbers 115-19, 1190 
decimal places 119, 204 
place-value 115, 204, 228 
terms for decimal fractions #17, 119-20 
numerals xxvii 
spoken 19n 
nung (armers) 53 
Nung Sang Chi Yao (Basic Elements of Agriculture and 
Sericulture) (+1273) 50 
Nung-Shu agricultural treatise (+1313) 20411 


observation 226 
observatories, astronomical 18 
Odagiri Mizuho 84 
officials, specialist 48 
Opium Wars 41 
opposed concepts 
synthesis of 108, 109, 134, 154 
see also abstract concepts 
optics see telescopes 
order, in scientific classification 1451, 146n 
organ transplantation 83 
organic humanism, Chinese 78, 86 
‘oriental despotism’ 15, 2120 


pa(corolla) 32 
Pagel, Walter (+1935-1968) 22n 
Pai-han valley xxxix 
pai-hua (‘clear speech’) 190, 198 
paper 228 
currency 55, 56-7 
toilet papers 205 
use in Europe 188 
wall papers 205 
papyrus 228 
Paracelsus (¢. +1493-1541, physician) 4) 
‘parallel’, use of term 162 
parallel sentences, literary device 166 
parasitology 35 
Paré, Ambrose 33 
parhelia phenomena 70 
Pasteur, Louis 35 
pasteralisin, nomadic 46 


patents 224, 224n 
Pavlov, [van Petrovitch 87 
pawn shops (fang phu), as credit institutions 57 
peasant farmers 2 
and internecine wars 46 
oppression of 51, 62 
preference for persuasion over force 11, 16 
rebellions 51 
social status of 53 
peculation 48, 48n, 59 
Peking 
observatory 27 
school of translators 194 
spelling of name 205 
Peking Gazette (Ching Pao) 193 
Pelletier, P.J. 35 
pen thi (original body) 131 
Pen Tshao, see also Shen Nung Pen Tshao Ching, Pen Tshao 
Phin Hui Ching toe 
Pen Tshao Ching Chi Chu (Collected Commentaries on the 
Classical Pharmacopoeia) (+492) 155 
Pen Tshao hang Mu (Great Pharmacopoeia) (+1596) 146 
Pen Tshao Phin Hui Ching Yao (Essentials of the 
Pharmacopoeia) (+1505) 140, 142 
Pen Tshao Yen [ (Dilations upon Pharmaceutical Natural 
History) (+1119) 157 
people, Shao Yung’s classification of 132 
people's communes (+1958- 1979) 6n 
Pereira, André (Andrew Jackson) 29n 
Persia 
dualism 94 
knowledge of natural history 18 
persuasion, Confucian emphasis on 10 
petroleum, engineering applications 65 
Pfister, Père Louis 195 
Phan Chi-Hsiin (+16th cent., work on sediments) xxxviii 
phang (side) 11en 
pharmaceutical chemisuy 35 
pharmaceutical natural histories 18 
pharmacopoeias 
Chinese 31, 39-49, 155 
see also Pen Tshao 
phin-yin (pinyin) romanisation 205 
phicbotomy 38 
phi-thung-hua (spoken Northern dialect) 188, 198 
Phu-thuo Gorge xxxviii, xx xix 
phylum. in scicntific classification 146n 
Physiocrats, French 15 
Pi Sheng (c. +990-1051), inventor of moveable 
type 188n, 230 
pictographs 167 
pieh-jou (turule fesh) 168 
pieh-nao (pyramid) 174, 175 
pigeon-holing system of information retrieval 125 
I Ching 125-7 
permutations 138, 139 
ping-li (soldier power) 103n 
Pippard, Sir Brian xliii 
Pirotechma (Biringuccio) 1861 
Pisa xlvii, 211 
pisten rods 34, 71 
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Planets, in Shao Yung’s classification 130 
plant collectors 35 
Plato 114, 183 
Platter, Felix 31 
Pliny (the Elder) (+23-79) 147 
description of plough 159-61 
plough 
‘adjuster’ (in Chinese plough) 169-71 
development of Chinese 165, 171 
English and Chinese 163 
Fitzherbert’s description (+1523) 163-5 
Latin description (Pliny the Elder) 159-61 
Lu Kuei-Meng’s description of (+880) 165-71 
plough-sheath (arrow in Chinese) 164, 168, 170 
ploughshare 159, 165, 166 
traction and stcerage 171 
Po, city of 106 
Po Yü (f. +162e-1650), work on telescope 29 
poetry 103 
lyric xxvi 
political system 
based on public well-being and stability 53, 57, 65 
centralised 43 
see also bureaucracy 
pollution 93 
Pomeranz, Ken xli 
Popper, Karl 96 
postulational style of scientific thinking xxviii, xxxi 
powcr, transmission of 148 
precision 
from conceptual differentiation 146, 161 
and lack of terms 162 
in literature 99 
in scientific terminology 95n, 96, 160, 161, 176 
Price, DiJ aeS. 23n 
Priestley, Joseph 41 
primogeniture xlvi, 8 
priming 
block 74 
effect on classical languages 188 
and European Reformation 53 
movcable-type 74, 188, 230 
onpaper 228 
social effects of in China 53 
and social structures of European science xxv 
texts in Literary Chinese 190 
in vernacular languages 190, 230 
woodcut illustrations 159 
private cmerprise xxix 
prebabilistic thinking xxviii, xxxi 
future work on xxxvii 
gambling XXxNill-Xxxv, XXXV 
problem-solving, modern approaches to 87 
professionalism 88 
progress, idea of 227 
proof, concept of xxxi-xxxii, 181-2, 210n 
propaganda, chroniclers’ usc of 12 
property 
alienability of 55 
expropriation of 50 
property rights 57, 65 


Protestant missionaries, in China (+19th cent.) 18 
Protestantism 3, 22, 63 
obsession with idolatry 79 
Pscudo-Bionysius 144 
public opinion 15 
public works 5-6, 14 
co-operation 
Pythagoras, Theorem of 182 


racialism, in historiography of science 23, 209, 226 
radio-isotopes 35 
radiology 35 
radiotherapy 35 
railways, resistance to building of 4n 
rain 125, 133 
rainfall, seasonality of 45 
record-keeping 226 
Recorde, Robert xxvii 
rectangular-trough pallet-chain pumps xxxii 
reductionism, of modern science 79, 80. 86 
Reformation xlvi, 54, 63, 211 
influence of printing on 53 
regionalism, resistance to 52, 53 
reinterpretation XXXvi 
relative terms 105 
religion 
Chinese rejection of creator deity gt, 129 
intolerance of Western 79 
in medieval Europe 77 
see alse Christianity; Protestantism 
religions, threc, lack of temporal power 48 
Rembrandt, Militia Company of Captain Frans 
Banning Cocq xlviii 
Renaissance 2, 3, 23, 74 
and early modern banking 63 
and printing 230 
‘scientific revolution’ 209 
rents, agrarian 62 
rest-houses (Aui kuan) 58 
Ricci, Mattco (d. 1610) 25, 26 
rice see wet-rice cultivation 
Rickett, H. W. 161 
rights, natural 44 
Ritchie Calder, Peter (Lord) 88 
river-valley civilisations 45, .47, 48 
rivers, food protection 5, 45 
Robinson, Douglas S. 230 
Robinson, Kenneth xliii, xlv 
‘solilequy” with Needham 240 
Roman Empire .46, 50, 226n 
chattel slavery 227 
social hierarchies 145 
Roman law 49 
Röntgen, W. K. von 35 
Roriczer, Mathias 19 
Rosenberg, Nathan 17n 
Ross, Geronime, De Distillatione 186n 
Ross, Sir Ronald 35 
Roszak, Theodore 74,76,79 
rotary motion 20, 34, 75, 72, 205, 205n 
Rotterdam xlvii, 211 
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Rowland, Henry Augustus 112 

Royal Society of Lundon 7.4, 102n, 172, 174, 205 
rudder, axial 53, 730 

Rufinus (+13th/r4th cent.) 186 

Ruhland, Martin, Lexicon Alchemiae 32 

Russell, Bertrand 16 

Russell, Colin xxix 


Sacred Eduts 190 
Sagan, Carl 136 
Said Husain Nasr 79n 
salaries, of officials 48 
salt 
‘nationalisation’ of 8 
production inadequately financed 61 
san chao (three religions) 
san (dispersa!) 130 
Savery, Thomas 63 
Sawer, Marian 12 
scales and scaling 
for classification (in Awan Tzn treatise) 110-12 
language for 105 
musical 112 
in Shao Yung's classification 
see also grading 
scepticism 226 
scholar-gentry 
commercialisation of 212n 
status 15, 53 
see also mandarinate 
Schumpeter, Joseph 54 
Schuster, John xxvi 
science XXNili, 201 
application of 78, 84 
autonomist schoo] 22. .22n, 23 


Chinese view of Western science (+:8th cent.) rr 


as co-opcrative enterprise 19 

five stages of 202 

and formal logic 89 

historiography of 21-3 

and human experience 76 

importance of history of 205 

internalist school of historiography 3, 3n, 22 
medicval 202n 

modern disenchantment with 68, 74 

motive for 81 

objectivity in 76 

‘styles of thinking’ (Crombie) xxvii-xxviii, xxxi 
and symbolic systems xxvii 


see also Chinese science; European science; fusion 


points; modern science: anscurrent points 
scientific analysis, application to Chinese 
science xxxvi-x! 
scientific language 
abbreviation and compression 102 
collective terms 101 
requirements of 101-2, 104 
and style 103 
use of noun rather than adjective 171 
use of poewy and mnemonics 103~4 
scientific method 77, 8: 


alienation in 75 
rise of 165, 230 
scientific progress, concept of 18-19, 22 
scientism, China unaffected by 78-9 
scientists, qualities required of 226-7 
sca-wall construction xxxvii 
Secretariats, Chancellor’s 49 
sedimentation, Yellow River xxavili.44 
sediments XXXVII—XxxxIx 
seismograph 17 
seismology 34, 54 
self-government. concept of 229 
Seoul, Korea, astronomical screen 28 
sha (fraction) 119 
Shakespeare, William, interpretation of meanings 1001 
shan (hills) 153 
shang (high) 106 
Shang Kao 179 
Shang kingdom (c. —16th to—rith cent) 48 
shang lü (superior green) 114 
shang (merchants) 53 
shang (musical note) 179 
shang phin (upper grade) 1450 
shang the (upper soils) 111 
Shanghai xl 
Ko Chih Shu Yiian institution 41 
Mission News 193, 194 
school of translators 194 
Shansi banks xxix, 59 
Shansi province 108 
Shantung, mines 61 
Shantung province 108 
Shao Yung (+101-1077, cosmologist) 740, 143 
biological classification 134-6 
classification of changes 126n, 13374 
Four Embodiments 130-1 
Four Manifestations 130 
Heaven and Earth 128-9 
influence of Z Ching on 137n 
motion ancl rest 128 
quantification of living things 
Quantification of the Myriad Things 132 
universal classification system 127-40n 
Shao-kuang (Diminishing the Breadth) 174 
shape 
description of 107 
nomenclature of 160. 175 
Visualisation of 182 
Shapin, Steven xxvii 
share-cropping 62 
she phi lü (snakeskin green) 14n 
she-shu (Guess Numbers’ game) xxxii 
Shen Kua (411th cent., polymath) xxxiii, xxxvii, 34, 118 
Shen Nung (Heavenly Husbandman) 166 
Shen Nung Pen Tshao Ching (Classical Pharmacopoeia of 
the Heavenly Husbandman) (c. +1st cent.) 145, 155. 
1550 
Shen Shih-Chang 199 
shen-so (clasticity) 108 
sheng (to generate) 147 
sheng-t (vital impulse) 158 
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Plancts, in Shao Yung’s classification 130 
plant collectors 35 
Plato 114, 183 
Platter, Felix 31 
Pliny (the Elder) (+23-79) 147 
description of plough 159-61 
plough 
‘adjuster’ (in Chinese plough) 169~71 
development of Chinese 165, 171 
English and Chinese 763 
Fitzherbert’s description (+1523) 161-5 
Latin description (Pliny the Elder) 159-61 
Lu Kuei-Meng’s description of (+880) 165-71 
plough-sheath (arrow in Chinese) 164, 168, 170 
ploughshare 159. 165, 166 
traction and steerage 171 
Po, city of 106 
Po Yu (fl. +1620-1650), work on telescope 29 
poetry 103 
lyric xxvi 
political system 
based on public well-being and stability 53, 57, 65 
centralised 43 
see also bureaucracy 
pollution 93 
Pomeranz, Ken xli 
Popper, Karl 96 
postulational style of scientific thinking xxviii, xxxi 
power, transmission of 148 
precision 
from conceptual differentiation 146, 161 
and lack of terms 162 
in literature 99 
in scientific terminology 95n, 96, 160, 161, 176 
Price, B. J. de S. 231 
Priestley, Joseph 41 
primogeniture xlvi, 8 
printing 
block 74 
effect on classical languages 188 
and European Reformation 53 
moveable-type 74, 188, 230 
ou paper 228 
social effects ofin China 53 
and social structures of European scicnce xxv 
texts in Literary Chinese 190 
in vernacular languages 190, 230 
woodcut illustrations 159 
private enterprise xxix 
probabilistic thinking x 
future work on xxxvii 
gambling xxxili—xxxv, xxxvi 
problem-solving, modern approaches to 87 
professionalism 88 
progress, idea of 227 
proof, concept of xxxi-xxxii, 181—2, 2 10n 
propaganda, chroniclers’ use of 12 
property 
alicnability of 55 
expropriation of 50 
property rights 57,65 





Protestant missionaries, in China (+19th cent.) 189 
Protestantism 3, 22, 63 
obsession with idolatry 79 
Pseudo-Dionysius 144 
public opinion 15 
public works 5-6, 14 
co-operation 
Pythagoras, Theorem of 182 


racialism, in historiography of science 23, 209, 226 
radio-isotopes 35 
radiology 35 
radiotherapy 35 
railways, resistance to building of 41 
rain 125, 133 
rainfall, seasonality of 45 
record-keeping 226 
Recorde, Robert xxvii 
rectangular-trough pallet-chain pumps xxxii 
reductionism, ef modern science 79, 80, 86 
Reformation xlvi, 54, 63, 211 
influence of printing on 53 
regionalism, resistance to 52, 53 
reinterpretation xxxvi 
relative terms 105 
religion 
Chinese rejection of creator deity 91, 129 
intolerance of Western 79 
in medieval Europe 77 
see alse Christianity; Protestantism 
religions, three, lack of temporal power 48 
Rembrandt, Militia Company of Captain Frans 
Banning Cocq xlviii 
Renaissance 2, 3, 23,74 
and early modern banking 63 
and pmnting 230 
‘scientific revolution’ 209 
rents, agrarian 62 
rest-houses (Aui kuan) 58 
Ricci, Matteo (d. 1610) 25, 26 
rice see wet-rice cultivation 
Rickett, H. W. 161 
rights, natural 44 
Ritchie Calder, Peter (Lord) 88 
river-valley civilisations 45,47,48 
rivers, flood protection 5, 45 
Robinson, Douglas S. 230 
Robinson, Kenneth xliii, xlv 
‘soliloquy’ with Needham 240 
Roman Empire 46, 50, 226n 
chattel slavery 227 
social hierarchies 145 
Roman law 49 
Rontgen, W. K. von 35 
Roriczer, Mathias 19 
Rosenberg, Nathan 17n 
Ross, Geronimo, Be Distillatione 186n 
Ross, Sir Ronald 35 
Roszak, Theodore 74, 76,79 
rotary motion 20, 34, 71, 72, 205, 205n 
Rotterdam xlvii, 211 
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Rowland, Henry Augustus 112 

Royal Society of London 74, 1021, 172, 174, 205 
rudder, axial 53,730 

Rulinus (+13th/r41h cent.) 186 

Rubland, Martin, Lextcon Alchemiae 32 

Russell. Bertrand 16 


Russell. Colin xxix 


Sacred Edits 190 
Sagan, Carl 136 
Said Husain Nasr 79n 
salaries, of officials 48 
salt 
‘nationalisation’ of 8 
production inadequately financed 61 
san chiao (three religrons) 
san (dispersal) 130 
Savery, Thomas 63 
Sawer, Marian 12 
scales and scaling 
for classification {in Awan Tzu treatise) 110-12 
language for 105 
musical 112 
in Shao Yung’s classification 
see also grading 
scepticism 226 
scholar-gentry 
commercialisation of 212n 
status 15,53 
see also mandarinate 
Schumpeter, Joseph 54 
Schuster, John xxvi 
science NNNill, 201 
application of 78, 84 
autonomist school 22, 2211,23 
Chinese view of Western science (+18th cent.) 191 
as co-operative enterprise 19 
five stages of 202 
and formal logic 89 
historiography of 21-3 
and human experience 76 
importance of history of 205 
internalist school of historiography 3, 3n, 22 
medieval 202n 
modern disenchantment with 68, 74 
motive for 8t 
objectivity in 76 
‘styles of thinking’ (Crombie) xxvil—xxviil, xxxi 
and symbolic systems xxvii 
see alse Chinese science: European science; fusion 
points; modern science; transcurrent points 
scientific analysis, application to Chinese 
science Xxxxvi-xl 
scientific language 
abbreviation and compression 102 
collective terms 101 
requirements of 101-2, 104 
and style 103 
usc of noun rather than adjective 171 
use of poetry and mnemonics 103-4 
scientific method 77, 81 





alienation in 75 
rise of 165.230 
scientific progress, concept of 18-19, 22 
scientism, China unaffected by 78-9 
scientists, qualities required ef 226-7 
sea-wall construction xxxvii 
Secretarvats, Chancellor's 49 
sedimentation, Yellow River xxxvii, 44 
sediments XXxxvill-Xxxix 
seismograph 17 
seismology 34.54 
self-government, concept of 22¢ 
Seoul, Korea, astronomical screen 28 
sha (fraction) 119 
Shakespeare, William, interpretation of meanings 100n 
shan (hills) 153 
shang (high) 106 
Shang Kao 179 
Shang kingdom (c. -16th to -11th cent.) 48 
shang lü (superior green) 114 
shang (merchants) 53 
shang (musicai note) 179 
shang phin (upper grade) 145n 
shang thu (upper soils) 111 
Shanghai xl 
Ko Chih Shu Yuan institution 41 
Mission News 193, 194 
school of translators 194 
Shansi banks xxix, 59 
Shansi province 108 
Shantung, mines 61 
Shantung province 108 
Shao Yung (+1011-1077, cosmologist) 140, 143 
biological classification 13 4-6 
classification of changes 126n, 133-4 
Four Embodiments 130-1 
Four Manifestations 130 
Heaven and Earth 128-9 
influence of / Ching on 1370 
motion and rest 128 
quantification of living things 
Quantiication ofthe Myriad Things 132 
universal classification system 127-40n 
Shao-kuang (Diminishing the Breadth) 174 
shape 
description of 167 
nomenclature of 160, 175 
visualisation of 182 
Shapin. Steven xxvii 
share-cropping 62 
she phi lü (snakeskin green) 14m 
she-shu (Guess Numbers’ game) xxxii 
Shen Kua (+uth cent., polymath) xxxiii, xxxvii, 34, 118 
Sheu Nung (Heavenly Husbandman) 166 
Shen Nung Pen ‘Tshao Ching (Classical Pharmacopoeia of 
the Heavenly Husbandman) (c. +1st cent.) 145, 155. 
1550 
Shen Shih-Chang 199 
shen-so (elasticity) 108 
sheng (to gencrate) 147 
sheng-i (vital impulse) 158 
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sheng-wu (living things) 155 

Shiba Yoshinobu xxx 

Shih Ching, songs of 103 

shih chiin izu (amthelnuntic) 40 

shih feng {trends of the time) xl 

shih (scholar-gentry) 53 

Shih Shen (—4th cent., astronomer) 29 
shih (slacken tension) 169 

shih (stone) 157 

shih tan (copper) 32 


Shih Yao Erh Ya (dictionary of minerals and drugs) 32 


shih yen (rock salt, brachiopods) 32 
Shih-wu Hsiieh-thang (Academy of Current 
Events) 190, 198 
ships, use of sails 4 
shou (wild beasts) 153, 1541 
shu (assemblage, genus) 146 
Shu Ching (Historical Classic) 106 
shu- ytian (academies) xxvii 
shui hue (hydrotic five) 131 
shui phai (reciprocating engines) 32 
shui (water) 149n. 153, 156, 158 
Shu-Sun Thung (f. --201, liturgiologist) 10n 
Sigismond I, King of Poland 55 
silk 
in China 213n, 217 
Italian industry 60 
thread-twisting machines 2241 
Simon, Joan 13 
Sinkiang province, prehistoric Caucasian 
community 213n 
Sino-British Science Cooperation Office 
(Chungking) 67 
Sivin, Nathan xxvi, xliii, 90, 115, 197 
slavery 
classical European 3,4. 227 
nature of Chinese 3-4.8 
social structure, Chinese 53, 227 
socialism, correspondence with traditional Chinese 
society 44.65 
society 
and concept of public argument 181, 184, 210 
modern i4—15 
organic nature of 18 
and origins of modern science 3, 22-3, 209 
and principle ofnon-interference 16-17 
terminology for 15 
Sofri, Giani 12 
soi] types, in Auan Tzu treatise 110, 111-12, 124 
Solanum spp. 151 
South-East Asia, bureaucratic [cudalism in xlvii 
Southern Sung 
compulsory purchase of excess properly 50 
wade and industry 8n 
space technology 207 
species, in scientific classification 14.6, 14.6n 
Spengler, Oswald 68n 
sphere 
approximation of sr 178. 179 
calculation of volume of 174, 177-81 
new term for 176 


spinning machine, water-powered xxxvin 
spiritual see matter-spirit dichotomy 
Sprat, Thomas 102 

SriLanka 13, 45n, 208 

ssu (fraction) 119 

ssu hsiang (Four Manifestations) 130 


Ssu Khung (Director of Public Engineering Works) 6 


Ssu Nung {Minister for Agriculture) 6 
ssu thi (Four Embodiments) 130-1 
Ssu Thu (Director of Public Instruction) 6 
‘stagnation’, misconception of 20 
Stars, in Shao Yung’s classification 129 
State 
annual revenues 61 
centralised fiscal system 52 
encouragement of scientilic research 18 
promotion of agriculture 50 
regulation of money economy 55 
responsibility for water control 50 
statistical distribution xxxiv 
stcam-engine 63 
essential components of 20. 70 
introduced to China tgi—2 
steam-ship 63 
Stearn, W. 113, 187 
Stevin, Simon (+1548--1620, mathematician) xxvii 
sarrups 
boot 20 
impact on European warfare 53 
Stone 130 
Su Ninghu xxxviii 
Su Sung (+1020-01, astronomer) 34, 213 
sui (raceme) 32 
sulpha-drugs 35 
Sun, in Shao Yung’s classification 129 
sun (bamboo shoots) 105n 
sun spot cycles 24 


Sun Tzu Ping Fa (Master Sun’s Art of War) (c. —345) g4n 


Sun Yün-Chhiu (f. +1620-1650), work on 
telescope 29. 30 
Sung dynasty 
gaming xxxiii, xxxiv 
econonty XXXVI 
iron and steel production 72 
private enterprise under xxix 
Sung mathematics xxxi 
Sung period 
inventiveness 226n 
movement towards money economy 57 
prosperity 58 


Sung Tzhu (ff. +1247), Hsi Vian Lu handbook of ferensic 


medicine 31, 49 
supernovas 69 
Crab nebula 77 
Swaziland 215 
Sydenham, Thomas 31 
systems of belief, cultural xxxii 
systems of thought xxxii 


ta chu feng chhiang (wind-chasing gun’) tg6 
ta lü (strong green) 114 
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Tai Khai-Chih (+5th cent.), Chu Phu botanical 
treatise log 
Talas River, battle (+751) xxixn 
tang phu (pawn shops) 57 
Tao Te Ching (-4th cent.) 80, 91, g4n, 128 
Tao, the 
‘order of Nature’ 91, 131 
and Shao Yung’s parameters of change 7126n, 133-4 
Tae Tsang (Taoist patrology) 41 
Taoism 85,226 
feminine forces in 17. 94 
non-interventionism 6, 17, 17n 
technology 47 
taxcollection 50-1 
exploitative 5 
in kind 56, 61 
taxes 
inland customs cluties (Zikin) 59 
transport (transit) 48,59 
taxonomy xxviii, xxxi 
łe (virtue) 18 
technical terms 
ambiguity in 102 
changing uses of g6 
in Chinese literature 95 
context of g6 
expressed as abstractions 153-50 
as labels 1221 
lack of vocabulary 143 
and literary demands of texts 97 
for new concepts 102, 108n, 161, (84 
precision in usage 95n, g6. 16@, :61, 176 
for shape 160 
translation problems 196, 197 
see aise terminology 
technocrats 66, 75 
technology xxxiii 
challenge of 81-2 
changing uses of technical terms g@ 
mechanical and skill-oriented 
distinction 21 
modern aversion to 68, 78, 81 
technical terms 32 
telescopes 
astronomical 27,34 
Chinese makcrs 29 
‘temperaturc’, neologism 1099n 
Teng-chhuan department xxxviii 
terminology 15 
botanical 167 
mathematical 171-85 
problems of medical 31, 32-3 
see alse vechnical terms 
textile machinery 
Eurepean 63 
water power for 60 
Thai Chi(the Ultimate Void) 128 
thar (flower head) 32 
Thai-hsiieh (Great School) xxvii 
Thai-Phing Rebellion 41 
Than Ssu-Thung (+1865-1898) 195. 198 


than-chhien (Lay Out the Coins’) xxxiv, xxxv 
Thang dynasty 49 
confiscation of property 50 
paper currency 55 
Thao Hung-Ching, Pen Tshao Ching Chi Chu 1551 
theocracies, independent (Han period) 49 
Theophrastus (—372 to —298, father of Western 
botany) 97n, 147 
thermodynamics 65 
thermometer 35n 
thi (Bodies) 134 
thi (Lowitz arcs) 32 
thi-chi (volume) 176 
thieh ho Ast (chain and link work) 32 
Thien chi (Scorpio) 28 
thien (field) g5n 
thien (heaven) g1, 172 
thien jan (spontaneous, natural) 141 
thien ming (‘mandate of Heaven’) 49 
Then-ytian matrix algebra 228 
tho (bamboo sheaths) 105n 
Thomas Aquinas, St (+12 25-1274, theologian) 
aphorism 97 
Thorndike, Lynn 2e2n 
thu (earth) iggn, 156 
thu (geotic fire) 131 
Thucydides (-5th cent., historian) 185 
thunder 133 
thung chhe (norias) 32 
thung (copper, bronze) 96 
thng (oil) 8n 
ti(Earth) g1. 13@1, 153, 172n 
Ti lian {On the Variety of what Earth Produces) 110n, 
130) 
fen tung tzu (armature) 122n 
time, linear 227 
time dimension 
in alchemy ton 
in decline of classical languages 189 
as facter in classification 139 
‘Ving Chao-Chung (Samuel C. C. Ving), Nobel Prize 
winner 206 
Ting Jih-Chhang 41 
Ting Kung-Chhen 1g: 
ting (pottery tripod) 201 
tools, stone 215 
‘Torricelli. Evangelista xlvi 
teu- yu se(bean-oil green) tg 
towns 
consumer markets 59 
as nodes in administrative networks xlvii, 8, 212 
trade 
export 60 
internal 58-9 
transcurrent points 25, 24, 33-5, 40 
botany 35 
chemistry 41 
translation 203 
and adaptation of Literary Chinese 185, 195 
Chinese government policy on 195, 197 
in Murepe ige 
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translation (cont.) 
into Chinese 190, 194 
of medical terminology 31,32 
methods of 196 
and new scientific terms 196, 197 
and problems of ambiguity of meaning 99 
schools of 194 
and transition to vernacular language 187, 189 
and transmission of ideas 187 
work of Jesuit mission 190, 195 
transliteration 196 
transport, bulk 45,48 
transport and travel 
inventions 225 
water 58 
‘Trapp, Joseph (+1679-1747) 10n 
‘Tseng Kuo-Fan, and Kiangnan Arsenal 194-5 
iseng (pottery steamer) 201 
[shat Chhen (+1167-1230) 128n 
tshao{ plants. herbs) 104, (24, 134, 153, 157 
tshe (side) t10n 
tshui (kingfisher blue) 114 
ishung-lé (growing onions green) 114 
Tsien Tsuen-Hsuin xli, 205 
tsou (‘go’) (locomotion on land or in water) 13.4 
Tsu Chhung-Chih (+5th cent., mathematician) 181, 
184 
Tsu Keng-Chih (+5th cent., mathematician) 175, 181, 
182 
geometrical reasoning 182-3 
tsu-shui (general tax) 148 
tu then (irrigable farmland) 110 
lng (mouon) 128 
lung-wu (moving things, animals) 155 
‘Turkey, use of artillery 191, 192 
tehu, to convey ‘serval order’ 144 
teu-wan (aster) 151 


universe, as organic whole 54. 80, 91 
universilies xxvii 

urinoscopy 38 

usury 62 


‘Valley Spirit’ (ku shen) 94 
variolation (Chinese medical technique) 35 
Varro, parts of plough (—116 to -27) 159n 
vegetable, as abstract concept 154 
‘vehicic’, linguistic specification 121-2 
‘velocity’, ncologism 109 
Venice xlvii, 211 
Verbiest, Ferdinand (f. +1673) 27 
vernacular languages 

and adoption of technical terms 163 

and decline ol Latin 185, 187 

development of 187, 188 

for practical education 189, 230 

printed books 190, 230 
‘vertical’ 

in Literary Chinese 168 

use ofterm 162 
Vesalius, Andreas (+1514-1564, anatomist) 36 


Viète, Francois (+1540~1603, algebraist) xxvii, 34 
Vietnam, Chinese influcnce in 47 
Vietnam war 75n 
Vijayanagar kingdom 47 
villages 

level ofliteracy in 192 

relationship to State 15, 16, 17 
Villers-Cotterets, Edict of (+1539) 150n 
Vinci, Leonardo da (+1452-1519) xlii 
Virgil 

description of plough 159n 

Gergus 124 
Virgil, Polydore, De Rerum Inventertbus (+1512) 206 
viruses, use of 83 
vitamins 35 
volume 

no abstract Greek term for 184 

no literary Chinese term for 175-6 
volume of sphere 

approximation oft 178, 179 

calculation of 174, 177-81 


Waddington, C. H. 82n 
wager, types of xxxv 
Wagner, Donald 172, 180 
Wallerstein, Immanuel 207, 208, 229 
wan (ball, pill) 176 
wan (myriad) 15 
Wang Chen (+14th cent., agronomist), Nung Shu xxxvin 
Wang Chhung (+Ist cent., sceptic) 102 
Wang Hui- Isu (+1731-1807) 192 
Wang Khuei (+1gth cent.) 157 
Wang Ling xxxvi, xliii, xliv, 200 

and medical terminology 31 
Wang Phan (ff. +1505) 141 
Wang Yang- fsung xxvi 
Wang Ying-Lai 199 
warfare 

in Europe 191 

inventions 225 
Warring States period 44 
wars, internecine (before —2:21) 46 
Water 130 
water power, for textile machinery 60 
water transport 58 
water works I4, 44-5 

canals 5, 45 

flash-lock gate 6 

flood protection 5, 45 

India 47 

irrigation 5, 45 

poundlock gates 14 
water-power 17 
water-table, use in Kuan Tzu classification 110 
Watt, James 63 
wave-theory 17 

pretotypic see Yin and Yang theory 
wealth, not greatly valued 12 
weapons 

offensive 10 

prehistoric 215 
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Weber, Max xIn 
Webster, John 89n 
wei (animal stomach) 32 
wet (force of will-power) 16 
wei (fraction) 119 
Wei Hsien (b. +970) 34n 
Het hsiu (Scorpio) 28 
wet tho (oval) 178 
wei-sheng-su (vitamin) 197 
wei-tha-ming (vitamin) 197 
Weisskopf, Victor 69, 76-7 
wet-rice cultivation 
development of 58, 216 
importance of methods of production 21 
wheclbarrow 4, 60, 205 
wheels. cart (Sinkiang province) 21311 
Whigs 10, ton 
White, Lynn 20n 
Machina ex Deo 93 
Whitehead, A. N. 86 
Whitman, Anne xxviii 
Wilhelm, Hellmut 5n 
Wilkins, Bishop John, Afathematicall Magick (+1648) 187 
Willis, Thomas 33 
wind 133 
Wittfogel, Karl A. 4, 13, 15 
Wolsey, Cardinal Thomas 230 
women, sub jection of 85n 
word, primacy of 10 
words 
compound 137n 
function defined by position in sentence 171 
polysyllabic 172 
ranges of meaning 97 
see also translation 
Work, Dr Thomas 39 
World Cooperative Commonwealth, Ncedham’s vision 
of 67,85 
writing, alphabetic xxvi, 228 
writing, and literacy 
writing, logographic 
determinative-phonetic characters 158 
disadvantages of 227 
levels of complexity 190 
new terms 152 
specially constructed medical ideographs 32 
as unifying factor 44, 47, 49 
and variation in spoken dialect 188 
writing materials 228 
paper 188, 228 
writing style, suasive 98,103,104 
Wu Chhi-Chiin (ff. +1848), botanist 30 
Wu Hsien (—4th cent., astrenomer) 29 
Wu Hsing, Five Avenues (between Heaven and 
Earth) 129 
wu hsing (Five Elements) 127, 156 
Wu Hui-Phing 37n 
wu uei (non-interference, the wordless edict) 16, 17n, 92, 


197 
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wu-li (military power) 103n 
Wu-Shih- Erh Ping Fang (Recipes for the Fifty-two 
Diseases) 203 


Yabuuti Kiyosi xxxvii 
Yajurveda Samhita numbering system 119 
Yamada Keiji 88 
vamen (runners, heralds) 59 
Yang, influence of Heaven 129, 132 
Yang Chen-Ning (C. N. Yang), Nobel Prize winner 206 
Yang Hsüan-Chih (+547) 72n 
Yang I-Khuci (fl. +1593) xxxviii 
yang lae (‘nourishing the aged’) ggn 
yang (oxygen) 
yang sheng (strengthening resistance) 39 
Yang-chou, province /07, 108 
yang-ma (pyramid) 175 
Yang-shao neolithic people 45, 216 
Yangtze region xxxii 
Yangtze River 108 
Yellow River (Huang He) 108 
origins of Chinese civilisation 44 
sedimentation xxxviii,44 
ln Phao Thu Shuo (c. +1845) 191 
yen (pottery steamer) 201 
Jen (swept backward) 166, 169 
yen (words) 153 
Yen-chou, province 106, 707, 108 
Yi Thaejo, Korean emperer (f. +1395) 28 
Yin 
factor in colour terminology 112, (13 
influence of Heaven 129, 130, 132 
Jia (straight, tense) 167 
Yin and Yang theory 41, 80, 138n 
network of continual movement {27n, 128 
and organic view of Nature 90, 94 
and Shao Yung’s classification 138 
Jü (fish) 153 
Jü (musical note) 179 
yü (things that swim) 156 
Yü yü liang (haematite) 32 
Yü-chou, province 107, 108 
Yuan dynasty 
Mongol invasion 46 
paper currency 56 
Yüan Huang-l'hou (+559), kite 225 
Yuan mathematics xxxi 
jüan (round) 167 
Jüan-chui (circular awl) 174m 
Jüeh (moon) 172n 
jtieh (music, glee) 153 
Yiieh tribe 47 
Yung-chou, province 07, 108 


Zacchia, Paolo 31 

zero, from Cambodia 228 
Zilsel, E. 19 

zoetrope 225 

zoology, technical terms 32 
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